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1
METHOD FOR MANUFACTURING
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
including a circuit which is formed using a thin film transistor
(hereinafter referred to as a TFT) and a manufacturing
method thereof. For example, the present invention relates to
an electronic device provided with, as a component, an elec-
tro-optical device typified by a liquid crystal display panel or
a light-emitting display device having an organic light-emit-
ting element.

Note that in this specification, a semiconductor device
refers to all types of devices which can function by utilizing
semiconductor characteristics. An electro-optical device, a
semiconductor circuit, and an electronic device are all
included in the category of the semiconductor device.

2. Description of the Related Art

Inrecent years, atechnique for forming thin film transistors
(TFTs) using a semiconductor thin film (the thickness of
several nm to several hundred nm) formed over a substrate
having an insulating surface has been attracting attention.
Thin film transistors have been widely applied to electronic
devices such as ICs and electro-optical devices, and their
development especially as switching elements in image dis-
play devices has been accelerated.

A thin film transistor using an amorphous semiconductor
film, a thin film transistor using a polycrystalline semicon-
ductor film, and the like are used as switching elements in
image display devices.

In the case of the thin film transistor using an amorphous
semiconductor film, an amorphous semiconductor film such
as a hydrogenated amorphous silicon film is used; therefore,
there is limitation on the process temperature, and heating at
a temperature of greater than or equal to 400° C. at which
hydrogen is released from the film, intense laser beam irra-
diation by which surface roughness occurs due to hydrogen in
the film, and the like are not performed. The hydrogenated
amorphous silicon film is an amorphous silicon film whose
electric characteristics are improved by bonding of hydrogen
to dangling bonds and disappearance of the dangling bonds as
a result.

Further, as a method for forming a polycrystalline semi-
conductor film such as a polysilicon film, a technique that
includes the following steps is known: dehydrogenation treat-
ment for reducing a hydrogen concentration is performed in
advance to an amorphous silicon film so that the surface
thereof can be prevented from getting rough, a pulsed excimer
laser beam is processed into a linear shape by an optical
system, and the dehydrogenated amorphous silicon film is
scanned and irradiated with the linear laser beam so as to be
crystallized.

The thin film transistor using a polycrystalline semicon-
ductor film has advantages in that its mobility is two or more
orders of magnitude greater than that of the thin film transistor
using an amorphous semiconductor film and a pixel portion of
a display device and peripheral driver circuits thereof can be
formed over the same substrate. However, the process is more
complex because of crystallization of a semiconductor film,
compared to the case of using an amorphous semiconductor
film; accordingly, there are problems in that the yield is
decreased and the cost is increased.

The present applicant has disclosed an FET (field effect
transistor) in which a channel formation region is formed of a
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semiconductor having a mixture of a crystalline structure and
anoncrystalline structure in Patent Document 1 (U.S. Pat. No.
5,591,987).

In addition, as switching elements in image display
devices, a thin film transistor using a microcrystalline semi-
conductor film has been used (Patent Document 2: Japanese
Published Patent Application No. H4-242724 and Patent
Document 3: Japanese Published Patent Application No.
2005-49832).

As aconventional method for manufacturing the above thin
film transistor, a technique is known in which an amorphous
silicon film is formed over a gate insulating film, a metal film
is formed over the amorphous silicon film, and the metal film
is irradiated with a diode laser beam so that the amorphous
silicon film is changed into a microcrystalline silicon film
(Non-Patent Document 1: Toshiaki Arai, et al., SID’07
Digest, 2007, pp. 1370-1373). According to this method, the
metal film formed over the amorphous silicon film is to con-
vert light energy of the diode laser beam into thermal energy,
and the metal film needs to be removed later for completion of
a thin film transistor. That is, this is a method in which the
amorphous silicon film is heated only by conduction heating
from the metal film to form the microcrystalline silicon film.

SUMMARY OF THE INVENTION

A microcrystalline semiconductor film can be formed by a
plasma CVD method, as well as a method in which amor-
phous silicon is irradiated with a laser beam to form a micro-
crystalline semiconductor film. In a plasma CVD method, a
silane gas is diluted with hydrogen, so that a microcrystalline
silicon film can be formed. However, by dilution with hydro-
gen, that is, by increase in the flow rate of a hydrogen gas, a
deposition rate decreases.

A low deposition rate results in a long period of deposition
time. Thus, there is a concern that more impurities are con-
tained in the film during formation of the film, and those
impurities cause deterioration in electric characteristics of a
TFT.

In an inverted staggered TFT structure in which a semicon-
ductor layer is provided over a gate electrode with a gate
insulating film interposed therebetween, a semiconductor
region which is formed in an early stage of deposition is used
as a channel formation region. Accordingly, the higher the
quality of the semiconductor region which is formed in the
early stage of deposition is, the higher the electric character-
istics, e.g., field-effect mobility of a TFT can be.

In addition, if a microcrystalline semiconductor film with a
reduced hydrogen concentration is formed to increase a depo-
sition rate, there is a possibility that a region which serves as
a channel formation region is almost entirely amorphous.

Furthermore, an inverted staggered TFT which uses a
microcrystalline silicon film can have higher field-effect
mobility than a TFT which uses an amorphous silicon film,
but tends to have higher off current.

The present invention provides a method for forming a
microcrystalline semiconductor film with high quality, and a
method for forming a microcrystalline semiconductor film by
which a period of time required for forming a film with a
desired thickness is shortened. Further, the present invention
provides a method for manufacturing a semiconductor device
with higher field-effect mobility and a lower value of off
current than a TFT using an amorphous silicon film, and a
method for manufacturing a semiconductor device with
higher reliability than a TFT using an amorphous silicon film.

In order to improve the quality of a semiconductor region
which is formed in an early stage of deposition, a gate insu-
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lating film is formed over a gate electrode, a film near an
interface with the gate insulating film is formed under a first
deposition condition in which a deposition rate is low but the
quality ofa film to be formed is high, and then, a film is further
deposited under a second deposition condition in which a
deposition rate is high.

According to one aspect of the present invention disclosed
in this specification, a method for manufacturing a semicon-
ductor device includes the steps of: forming a gate electrode
over a substrate having an insulating surface, forming an
insulating film over the gate electrode, forming a microcrys-
talline semiconductor film over the insulating film, and form-
ing a buffer layer to be in contact with the microcrystalline
semiconductor film. In formation of the microcrystalline
semiconductor film, a deposition condition is changed
between steps or continuously so that a deposition rate of a
first region near an interface with the buffer layer is higher
than that of a second region near an interface with the insu-
lating film. A continuous change in deposition condition
means that a level is changed continuously from unit time to
unit time. For example, when the average flow rate of a source
gas (such as a silane gas) which is introduced to a chamber is
increased with time and a relation between the gas flow rate
and time is shown by a graph (the graph in which the vertical
axis indicates a gas flow rate and the horizontal axis indicates
time), the relation is represented by an upward straight line or
an upward curve. Alternatively, when the flow rate of a silane
gas or the like which is introduced to a chamber is fixed or
increased, the average flow rate of the other gas (such as
hydrogen or a rare gas) is decreased with time, and a relation
between the flow rate of the other gas and time is shown by a
graph, the relation is represented by a downward straight line
or a downward curve. In addition, a change in deposition
condition between steps means that a level is changed discon-
tinuously and variously, that is, introduction of a gas to a
chamber and stop of the introduction of a gas are repeated and
the flow rate of a gas is increased or decreased at some
intervals. Both the change in deposition condition between
steps and the continuous change in deposition condition mean
that a film is formed over one substrate by changing deposi-
tion conditions at least without exposing the substrate to the
air.

The first deposition condition in which a deposition rate is
low but the quality of a film to be formed is high is set as
follows: the ultimate pressure is lowered to be an ultra-high
vacuum (UHV) from about 1x107° Torr to 1x10~7 Torr (over
1x10~® Paand less than or equal to 1x107> Pa, approximately)
so that a residual gas such as oxygen or H,O in a vacuum
chamber (reaction chamber) is reduced in advance before
deposition as much as possible, a source gas with high purity
is supplied, and substrate temperature in deposition is set at
greater than or equal to 100° C. and less than 300° C.

According to another aspect of the present invention dis-
closed in this specification, a method for manufacturing a
semiconductor device includes the steps of: forming a gate
electrode over a substrate having an insulating surface; form-
ing an insulating film over the gate electrode; disposing the
substrate in a vacuum chamber; forming a first microcrystal-
line semiconductor film by introducing a source gas to the
vacuum chamber under a first deposition condition in which
substrate temperature is set at greater than or equal to 100° C.
and less than 300° C.; forming a second microcrystalline
semiconductor film further in the same vacuum chamber
under a second deposition condition in which at least one of
substrate temperature, the amount of electric power, timing of
application of electric power, the flow rate of'a source gas, and
a degree of vacuum is different from that under the first
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deposition condition; and forming a buffer layer over the
second microcrystalline semiconductor film.

In the first microcrystalline semiconductor film which is
obtained under the first deposition condition, an oxygen con-
centration is less than or equal to 1x10'7 atoms/cm®. Oxygen
inhibits crystallization when the microcrystalline semicon-
ductor film is formed and could possibly serve as a donor
when being introduced to a silicon film, and thus should be
particularly reduced. The quality of the microcrystalline
semiconductor film which is obtained under the first deposi-
tion condition contributes to increase in on current and
improvement in field-effect mobility of a TFT which is
formed later.

In addition, preferably, before formation of the microcrys-
talline semiconductor film, the vacuum chamber is baked at
greater than or equal to 200° C. and less than or equal to 300°
C., aresidual gas containing moisture in the vacuum chamber
as a main component is removed, and the vacuum chamber is
set in a pressure environment with a degree of vacuum of an
ultra-high vacuum (UHV) in advance. Further, the inner wall
of the vacuum chamber is heated at greater than or equal to
50° C. and less than or equal to 300° C. also during formation
of the microcrystalline semiconductor film so that a deposi-
tion reaction is accelerated.

The second deposition condition may be a condition in
which at least a deposition rate that is higher than that of the
first deposition condition can be obtained. For example, a
flow rate ratio of a silane gas and a hydrogen gas is made
different from that under the first deposition condition, and a
hydrogen concentration in the chamber is decreased in such a
range that a microcrystalline silicon film can be formed. Also,
under the second deposition condition, substrate temperature
may be higher than that under the first deposition condition,
e.g., greater than or equal to 300° C. and less than 400° C., so
that a deposition rate may be increased. When the substrate
temperature is made to be different between the first deposi-
tion condition and the second deposition condition, the tem-
perature is increased from the substrate temperature under the
first deposition condition to the substrate temperature under
the second deposition condition right after deposition under
the first deposition condition, and the film is formed continu-
ously also when the substrate temperature is being increased.
Further, under the second deposition condition, the amount of
electric power in generation of plasma may be increased
compared to that under the first deposition condition, so that
a deposition rate may be increased. Furthermore, an exhaust
valve such as a conductance valve of the vacuum chamber
may be adjusted, so that a degree of vacuum under the second
deposition condition may be made different from that under
the first deposition condition and a deposition rate may be
increased.

Inaddition, under the second deposition condition in which
a deposition rate is higher than that under the first deposition
condition, high-frequency power is applied for a certain
period of time, a silane gas is decomposed by plasma, appli-
cation of high-frequency power is stopped for a certain period
of'time, and generation of plasma is stopped; such a sequence
may be repeated. Under the first deposition condition, con-
tinuous discharge is performed in a first deposition period. On
the other hand, under the second deposition condition, by
varying timing of application of electric power, that is, by a
method in which a plurality of periods where discharge is
stopped is provided by turning off high-frequency power in a
second deposition period of one substrate, a deposition rate is
made higher than that under the first deposition condition.
Note that deposition time of the microcrystalline semicon-
ductor film includes the first deposition period in which a film
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is formed under the first deposition condition and the second
deposition period in which a film is formed under the second
deposition condition. A deposition rate in the second deposi-
tion period is higher than that in the first deposition period. A
method for forming a film in which discharge time and dis-
charge-stop time are selected as appropriate is also called an
intermittent discharge plasma CVD method. In this case, a
microcrystalline silicon film is formed under the first depo-
sition condition by a continuous discharge plasma CVD
method in which a source gas is affected continuously by
discharge of high-frequency power, and a microcrystalline
silicon film is further formed in the same chamber under the
second deposition condition by an intermittent discharge
(also referred to as pulsed) plasma CVD method in which a
source gas is affected intermittently by discharge of high-
frequency power. Here, the continuous discharge means dis-
charge which is caused by high-frequency power with a tem-
porally continuous wave.

Moreover, under the second deposition condition in which
a deposition rate is made higher than that under the first
deposition condition, the inner wall of a vacuum chamber in
which a microcrystalline semiconductor film is formed may
be heated to have a temperature that is higher than the sub-
strate temperature to form a microcrystalline semiconductor
film. If the substrate temperature is 100° C. under the first
deposition condition, by setting the temperature of the inner
wall of the vacuum chamber at 150° C., a microcrystalline
semiconductor film can be formed efficiently over the surface
of the substrate that has a lower temperature than that of the
inner wall of the vacuum chamber.

After the vacuum chamber is evacuated to have an atmo-
sphere with a degree of vacuum of over 1x107® Pa and less
than or equal to 1x10~> Pa, preferably, a hydrogen gas or a
rare gas is introduced in advance to the vacuum chamber to
generate plasma before disposing the substrate in the vacuum
chamber, a residual gas containing moisture in the vacuum
chamber as a main component is thus removed, and an envi-
ronment in which a concentration of residual oxygen in the
vacuum chamber is reduced is made.

In addition, after the vacuum chamber is evacuated to have
an atmosphere with a degree of vacuum of over 1x10~® Paand
less than or equal to 1x107> Pa, preferably, a silane gas is
introduced in advance to the vacuum chamber before dispos-
ing the substrate in the vacuum chamber, so that the silane gas
reacts with residual oxygen in the vacuum chamber and is
changed into silicon oxide, and oxygen in the vacuum cham-
ber is further reduced. Also, in order to prevent a metal ele-
ment such as aluminum from being mixed into the microc-
rystalline semiconductor film being formed, treatment may
be performed in advance in which a silane gas is introduced to
the vacuum chamber before disposing the substrate in the
vacuum chamber, plasma is generated, and the inner wall of
the vacuum chamber is covered with a film (also referred to as
pre-coating treatment).

A deposition rate is low under the first deposition condi-
tion; thus, when a thickness of a film is large in particular,
deposition time gets long and impurities such as oxygen is
easily mixed into the film. Therefore, when oxygen and mois-
ture in the vacuum chamber is reduced sufficiently before
disposing the substrate in the vacuum chamber, impurities
such as oxygen are scarcely mixed into the film even with
long deposition time, which is important for improving the
quality of a microcrystalline silicon film which is formed
later.

Further, after disposing the substrate in the vacuum cham-
ber, plasma treatment with a rare gas such as argon or hydro-
gen plasma treatment may be performed in advance for
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removing adsorbed water on the substrate before formation of
the microcrystalline silicon film, so that an oxygen concen-
tration in the microcrystalline silicon film is reduced to be less
than or equal to 1x10'7 atoms/cm’.

As described above, it is also important to reduce oxygen
and moisture of the substrate sufficiently after disposing the
substrate in the vacuum chamber, because the quality of the
microcrystalline silicon film which is formed later is
improved.

By changing a deposition condition from the first deposi-
tion condition in an early stage of deposition (a first deposi-
tion period) to the second deposition condition in a late stage
of deposition (a second deposition period) with a high depo-
sition rate, since microcrystals are formed in the early stage of
deposition, a microcrystalline silicon film with high quality
can be deposited in the late stage of deposition using the
microcrystals formed in the early stage of deposition as
nuclei. In addition, by forming the microcrystals in advance
in the early stage of deposition, a deposition rate in the late
stage of deposition can be increased.

By formation of a film under the second deposition condi-
tion using the same chamber continuously after formation of
a film under the first deposition condition, time for obtaining
a film with a desired thickness can be shortened, compared to
the case where a film with a desired thickness is formed only
with the first deposition condition without changing the depo-
sition condition. If time for obtaining a film with a desired
thickness can be shortened, the microcrystalline silicon film
can be formed with almost no impurities such as oxygen
being mixed therein. In addition, when the microcrystalline
silicon film is formed thinly only with the first deposition
condition without changing the deposition condition, influ-
ence of the buffer layer that is stacked later is increased, and
field-effect mobility of a thin film transistor could possibly be
lowered.

Since the microcrystalline silicon film which is obtained
under the first deposition condition is sensitive to oxygen, the
microcrystalline silicon film is further formed by changing
the deposition condition to the second deposition condition
with a high deposition rate during formation of the film, so
that a microcrystalline silicon film near an interface with the
gate insulating film can be protected. The quality of the
microcrystalline silicon film which is obtained under the sec-
ond deposition condition contributes to reduction in off cur-
rent of a TFT which is formed later.

The microcrystalline silicon film which is obtained by
varying the deposition condition in two steps includes at least
column-like crystals and an oxygen concentration in the film
is less than or equal to 1x10'7 atoms/cm>. The total thickness
of'the microcrystalline silicon film which is obtained by vary-
ing the deposition condition in two steps is in the range from
5 nm to 100 nm, preferably, 10 nm to 30 nm.

As long as the deposition condition in the early stage is a
condition in which a microcrystalline silicon film with high
quality is formed, the present invention is not limited to
formation of a microcrystalline silicon film by varying a
deposition condition in two steps, and a microcrystalline sili-
con film can be formed by varying a deposition condition in
three or more steps. Further, the deposition condition can be
changed continuously.

The above microcrystalline silicon film is more sensitive to
oxygen than an amorphous silicon film, and thus, it is prefer-
ably protected by stacking a buffer layer which does not
include crystal grains thereover, without exposure to the air.
The buffer layer is formed in a vacuum chamber which is
different from the one used for forming a microcrystalline
silicon film, with a substrate temperature that is higher than
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that under the first and second deposition conditions, for
example, greater than or equal to 300° C. and less than 400°
C. It is effective that substrate temperature in formation of the
buffer layer is higher than that under the first and second
deposition conditions. This is because the microcrystalline
silicon film can be annealed in formation of the buffer layer,
resulting in no increase in the number of manufacturing steps,
and the quality of the microcrystalline silicon film can be
improved. By annealing of the microcrystalline silicon film in
formation of the buffer layer, variation in TFT characteristics
(such as variation in threshold voltage) in a reliability test in
which voltage application is repeatedly performed can be
suppressed, and reliability of the TFT can be improved. The
buffer layer is formed with a thickness of 100 nm to 400 nm,
inclusive, preferably, 200 nm to 300 nm, inclusive. In addi-
tion, the buffer layer is formed with an amorphous silicon film
with higher defect density than the microcrystalline silicon
film. By use of the amorphous silicon film with higher defect
density for the buffer layer, off current of a TFT which is
formed later can be reduced.

The microcrystalline silicon film tends to have n-type con-
ductivity by mixture of impurities; therefore, it is preferable
that the deposition condition be adjusted. For example, a very
small amount of a trimethyl boron gas or the like is added to
the source gas, so that the microcrystalline silicon film is
i-type. By addition of a very small amount of a trimethyl
boron gas or the like to the source gas which includes mainly
a silane gas and a hydrogen gas, threshold voltage of a thin
film transistor can be controlled.

In this specification, the microcrystalline semiconductor
film is a film which contains a semiconductor having an
intermediate structure between amorphous and crystalline
structures (including a single crystal and a polycrystal). This
semiconductor is a semiconductor which has a third state that
is stable in terms of free energy, and is a crystalline semicon-
ductor which has short-range order and lattice distortion, and
column-like or needle-like crystals with a grain size of 0.5 nm
to 20 nm grown in the direction of a normal line with respect
to the surface of the substrate. In addition, a microcrystalline
semiconductor and a non-single crystalline semiconductor
are mixed. Microcrystalline silicon, which is a typical
example of a microcrystalline semiconductor, has a Raman
spectrum which is shifted to a lower wave number side than
520.5 cm™* that is a feature of single crystalline silicon. That
is, the peak of a Raman spectrum of microcrystalline silicon
is within the range from 480 cm™ (that is a feature of amor-
phous silicon) to 520.5 cm™! (that is a feature of single crys-
talline silicon). In addition, microcrystalline silicon is made
to contain hydrogen or halogen of at least greater than or
equal to 1 at. % for termination of dangling bonds. Moreover,
microcrystalline silicon is made to contain a rare gas element
such as helium, argon, krypton, or neon to further enhance its
lattice distortion, whereby stability is increased and a favor-
able microcrystalline semiconductor film can be obtained.
Such a microcrystalline semiconductor film is disclosed in,
for example, U.S. Pat. No. 4,409,134.

The buffer layer may also be formed in the same vacuum
chamber as that for forming the microcrystalline silicon film,
although throughput is lowered when a plurality of substrates
is treated. When the buffer layer is formed successively after
formation of the microcrystalline silicon film in the same
vacuum chamber, an interface between the layers can be
formed without being contaminated with contaminating
impurity elements, which is caused when the substrate is
transferred; thus, variation in characteristics of the thin film
transistor can be reduced.
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In addition, a source electrode and a drain electrode are
formed over the buffer layer, and a groove is formed in the
buffer layer in order to decrease leakage current between the
source electrode and the drain electrode.

A semiconductor film containing an n-type impurity ele-
ment (n* layer) is provided between the buffer layer and the
source and drain electrodes. The buffer layer is provided
between the n* layer and the microcrystalline silicon film so
as to prevent contact therebetween. Therefore, the n* layer,
the buffer layer, and the microcrystalline silicon film are
stacked below the source electrode. In a similar manner, the
n* layer, the buffer layer, and the microcrystalline silicon film
are stacked below the drain electrode. With such a layered
structure and a large thickness of the buffer layer, withstand
voltage of the thin film transistor can be improved. Further,
with a large thickness of the buffer layer, a groove can be
formed in a part of the buffer layer without exposing the
microcrystalline silicon film which is easily oxidized.

After the above manufacturing process, a semiconductor
film containing an n-type impurity element is formed over the
buffer layer, source and drain electrodes are formed over the
semiconductor film containing the n-type impurity element,
the semiconductor film containing the n-type impurity ele-
ment is etched to form source and drain regions, a part of the
buffer layer is etched and removed such that a region over-
lapping with the source and drain regions is left remaining, so
that a thin film transistor is manufactured.

In the thin film transistor which is obtained as described
above, when it is turned on, a region near an interface with the
gate insulating film in the microcrystalline silicon film with
high quality which is formed under the first deposition con-
dition serves as a channel formation region. When the thin
film transistor is turned off, a groove which is obtained by
etching a part of the buffer layer serves as a path where a very
small amount of leakage current flows. Accordingly, com-
pared to a conventional thin film transistor including a single
amorphous silicon layer or a conventional thin film transistor
including a single microcrystalline silicon layer, a ratio of off
current and on current can be increased and switching char-
acteristics are favorable, which lead to improvement in con-
trast of a display panel.

In accordance with a manufacturing method of the present
invention, field-effect mobility of a thin film transistor
obtained can be greater than 1 and less than or equal to 50.
Therefore, a thin film transistor using the microcrystalline
semiconductor film which is obtained according to the manu-
facturing method of the present invention has current-voltage
characteristics represented by a curve with a steep slope in a
rising portion, has an excellent response as a switching ele-
ment, and can be operated at high speed.

A light-emitting device using the thin film transistor which
is obtained according to the manufacturing method of the
present invention can suppress variation in threshold voltage
of thin film transistors, which leads to improvement in reli-
ability.

In addition, a liquid crystal display device using the thin
film transistor which is obtained according to the manufac-
turing method of the present invention can increase field-
effect mobility and thus can increase a driving frequency of a
driver circuit. The driver circuit can be operated at high speed,
so that a frame frequency can be quadruplicated or black
frame insertion can be realized

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1D are cross-sectional views illustrating a
manufacturing method of the present invention.
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FIGS. 2A to 2D are cross-sectional views illustrating a
manufacturing method of the present invention.

FIGS. 3A to 3C are cross-sectional views illustrating a
manufacturing method of the present invention.

FIG. 4 is a top view illustrating a manufacturing method of
the present invention.

FIG. 5 is a diagram illustrating one example of a timing
chart of a process for forming a microcrystalline silicon film.

FIG. 6 is a top view illustrating a structure of a multi-
chamber plasma CVD apparatus provided with three treat-
ment chambers.

FIG. 7 is a top view illustrating a multi-chamber plasma
CVD apparatus provided with four treatment chambers.

FIGS. 8A to 8D are views illustrating a multi-tone mask
which can be applied to the present invention.

FIGS. 9A and 9B are cross-sectional views illustrating a
manufacturing process of the present invention.

FIGS. 10A to 10C are cross-sectional views illustrating a
manufacturing process of the present invention.

FIGS. 11A and 11B are cross-sectional views illustrating a
manufacturing process of the present invention.

FIGS. 12A to 12C are top views illustrating a manufactur-
ing process of the present invention.

FIG.13is aview illustrating one example of a liquid crystal
display device.

FIG. 14 is aview illustrating one example of a liquid crystal
display device.

FIG.15is aview illustrating one example of a liquid crystal
display device.

FIG. 16 is a diagram illustrating one example of a liquid
crystal display device.

FIG.17is aview illustrating one example of a liquid crystal
display device.

FIG. 18 is aview illustrating one example of a liquid crystal
display device.

FIG.19is aview illustrating one example of a liquid crystal
display device.

FIG. 20 is a diagram illustrating one example of a liquid
crystal display device.

FIG.21is aview illustrating one example of a liquid crystal
display device.

FIG. 22 is aview illustrating one example of a liquid crystal
display device.

FIG. 23 is a view illustrating a liquid crystal display device
of the present invention.

FIG. 24 is a view illustrating a liquid crystal display device
of the present invention.

FIG. 25 is aview illustrating one example of a liquid crystal
display device.

FIG.26is aview illustrating one example of a liquid crystal
display device.

FIGS. 27A and 27B are cross-sectional views illustrating
one example of a method for manufacturing a light-emitting
device.

FIGS. 28A to 28C are cross-sectional views each illustrat-
ing a pixel which can be applied to a light-emitting device.

FIGS. 29A to 29C are perspective views each illustrating a
display panel.

FIGS. 30A to 30D are perspective views illustrating elec-
tronic devices using a light-emitting device.

FIG. 31 is a diagram illustrating an electronic device using
a light-emitting device.

FIG. 32 is a block diagram illustrating a structure of a
light-emitting device.

FIG. 33A is a top view and FIG. 33B is a cross-sectional
view illustrating a display panel.
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10
FIG. 34A is a top view and FIG. 34B is a cross-sectional
view illustrating a display panel.

DETAILED DESCRIPTION OF THE INVENTION

Embodiment modes of the present invention will be
described below. Note that the present invention can be imple-
mented in various modes, and it is easily understood by those
skilled in the art that modes and details thereof can be modi-
fied in various ways without departing from the spirit and the
scope of the present invention. Therefore, the present inven-
tion should not be interpreted as being limited to the follow-
ing description of the embodiment modes.

(Embodiment Mode 1)

In this embodiment mode, a manufacturing process of a
thin film transistor used for a liquid crystal display device will
be described with reference to FIGS. 1A to 1D, FIGS. 2A to
2D, FIGS. 3A to 3C, FIG. 4, and FIG. 5. FIGS. 1A to 1D,
FIGS. 2A to 2D, and FIGS. 3A to 3C are cross-sectional
views showing a manufacturing process of a thin film tran-
sistor, and FIG. 4 is atop view showing a connection region of
a thin film transistor and a pixel electrode in a single pixel.
Further, FIG. 5 is a timing chart showing a formation method
of'a microcrystalline silicon film.

An n-channel thin film transistor having a microcrystalline
semiconductor film is more suitable for use in a driver circuit
than a p-channel thin film transistor having a microcrystalline
semiconductor film, because the n-channel one has higher
mobility. It is desired that all thin film transistors formed over
the same substrate have the same polarity, in order to reduce
the number of manufacturing steps. Here, description is made
using an n-channel thin film transistor.

Asillustrated in FIG. 1A, a gate electrode 51 is formed over
a substrate 50. As the substrate 50, any of the following
substrates can be used: non-alkaline glass substrates made of
barium borosilicate glass, aluminoborosilicate glass, alumi-
nosilicate glass, and the like by a fusion method or a float
method. When the substrate 50 is mother glass, the substrate
may have any of the following sizes: the first generation (320
mmx400 mm), the second generation (400 mmx500 mm), the
third generation (550 mmx650 mm), the fourth generation
(680 mmx880 mm or 730 mmx920 mm), the fifth generation
(1000 mmx1200 mm or 1100 mmx1250 mm), the sixth gen-
eration (1500 mmx1800 mm), the seventh generation (1900
mmx2200 mm), the eighth generation (2160 mmx2460 mm),
the ninth generation (2400 mmx2800 mm or 2450 mmx3050
mm), the tenth generation (2950 mmx3400 mm), and the like.

The gate electrode 51 is formed using a metal material such
as titanium, molybdenum, chromium, tantalum, tungsten, or
aluminum, or an alloy material thereof. The gate electrode 51
can be formed in such a manner that a conductive film is
formed over the substrate 50 by a sputtering method or a
vacuum evaporation method; a mask is formed over the con-
ductive film by a photolithography technique or an ink-jet
method; and the conductive film is etched using the mask.
Alternatively, the gate electrode 51 can be formed by dis-
charging a conductive nanopaste of silver, gold, copper, or the
like using an ink-jet method, and then baking the nanopaste.
Note that, as a barrier metal which improves adhesion of the
gate electrode 51 and prevents diffusion of impurities to a
base, a nitride film of the above-mentioned metal material
may be provided between the substrate 50 and the gate elec-
trode 51. Here, the gate electrode 51 is formed by etching of
the conductive film formed over the substrate 50 with use of
a resist mask formed using a first photomask.

As a specific example of a gate electrode structure, a
molybdenum film may be stacked over an aluminum film to
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have a structure that prevents hillock and electromigration
that are typical phenomena of aluminum. Alternatively, the
gate electrode may have a three-layer structure in which an
aluminum film is sandwiched between molybdenum films.
As other examples of the gate electrode structure, a layered
structure in which a molybdenum film is stacked over a cop-
per film, alayered structure in which a titanium nitride film is
stacked over a copper film, and a layered structure in which a
tantalum nitride film is stacked over a copper film, can be
given.

Note that, because a semiconductor film and a wiring are to
be formed over the gate electrode 51, it is desired that the gate
electrode be processed so as to have tapered end portions in
order to prevent disconnection. In addition, although not
shown, in this step, a wiring connected to the gate electrode
can also be formed at the same time.

Next, gate insulating films 52a, 525, and 52¢ are formed in
this order over the gate electrode 51. Across-sectional view up
through this step is shown in FIG. 1A.

Each of the gate insulating films 52a, 525, and 52¢ can be
formed of a silicon oxide film, a silicon nitride film, a silicon
oxynitride film, or a silicon nitride oxide film, by a CVD
method, a sputtering method, or the like. In order to prevent
an interlayer short circuit caused by a pinhole or the like
formed in the gate insulating films, it is preferable to form
plural layers using different insulating layers. Here, a mode is
described in which a silicon nitride film, a silicon oxynitride
film, and a silicon nitride film are stacked in this order as the
gate insulating films 52a, 525, and 52c, respectively.

Note that a silicon oxynitride film is a film that contains
more oxygen than nitrogen, and includes oxygen, nitrogen,
silicon, and hydrogen at concentrations ranging from 55 at. %
to 65 at. %, 1 at. % to 20 at. %, 25 at. % to 35 at. %, and 0.1
at. % to 10 at. %, respectively. Further, a silicon nitride oxide
film is a film that contains more nitrogen than oxygen, and
includes oxygen, nitrogen, silicon, and hydrogen at concen-
trations ranging from 15 at. % to 30 at. %, 20 at. % to 35 at. %,
25 at. % to 35 at. %, and 15 at. % to 25 at. %, respectively.

A film thickness of each of a first layer and a second layer
of the gate insulating films is to be thicker than 50 nm. The
first layer of the gate insulating films is preferably a silicon
nitride film or a silicon nitride oxide film, in order to prevent
diffusion of an impurity (such as an alkali metal) from the
substrate. Further, the first layer of the gate insulating films
can prevent oxidation of the gate electrode and can also pre-
vent hillock in the case of using aluminum for the gate elec-
trode. A third layer of the gate insulating films that comes into
contact with a microcrystalline semiconductor film is to have
a thickness that is greater than O nm and less than or equal to
5 nm, desirably about 1 nm. The third layer of the gate
insulating films is provided to improve adhesion with the
microcrystalline semiconductor film. Furthermore, by pro-
viding a silicon nitride film as the third layer of the gate
insulating films, oxidation of the microcrystalline semicon-
ductor film by heat treatment or laser irradiation that is later
performed can be prevented. For example, when an insulating
film containing a high amount of oxygen is in contact with a
microcrystalline semiconductor film and heat treatment is
performed, there is a possibility of the microcrystalline film
becoming oxidized.

Further, it is preferable that the gate insulating films be
formed by using a microwave plasma CVD apparatus with a
frequency of greater than or equal to 1 GHz. A silicon oxyni-
tride film and a silicon nitride oxide film formed with a
microwave plasma CVD apparatus have high withstand volt-
age, and can improve reliability of a thin film transistor.
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Although here, the gate insulating films employ a three-
layer structure, a single layer of a silicon nitride film may be
used in the case where a thin film transistor is used for a
switching element of a liquid crystal display device, in which
AC driving is performed.

After forming the gate insulating films, the substrate is
transferred without exposure to air, and a microcrystalline
semiconductor film 53 is preferably formed in a vacuum
chamber that is different from a vacuum chamber for forming
the gate insulating films.

A procedure for forming the microcrystalline semiconduc-
tor film 53 is described below also with reference to FIG. 5.
FIG. 5 shows the procedure starting from a step where
vacuum evacuation 200 is performed in the reaction chamber
that is under atmospheric pressure. Then, the following treat-
ments are shown in chronological order: precoating 201, sub-
strate installation 202, base pretreatment 203, deposition
treatment 204, substrate removal 205, and cleaning 206. Note
that the procedure is not limited to performing vacuum evacu-
ation starting from atmospheric pressure, and it is preferable
to maintain the reaction chamber under a certain degree of
vacuum at all times in terms of mass production as well as in
terms of reducing the ultimate degree of vacuum in a short
time.

In this embodiment mode, ultra-high vacuum evacuation is
performed in order to achieve a higher degree of vacuum than
107° Pa in the vacuum chamber before substrate installation.
This step corresponds to vacuum evacuation 200 in FIG. 5. In
the case of performing such ultra-high vacuum evacuation, it
is preferable to use a turbo-molecular pump and a cryopump.
Evacuation is performed with the turbo-molecular pump, and
vacuum evacuation is performed with the cryopump. Itis also
effective to perform vacuum evacuation by connecting two
turbo-molecular pumps in series. Further, it is preferable to
perform heat treatment by providing a heater for baking in the
reaction chamber and perform a treatment of degassing from
the inner wall of the reaction chamber. In addition, a heater for
heating the substrate is also operated to stabilize temperature.
A heating temperature of the substrate is 100° C. to 300° C.,
inclusive, preferably 120° C. to 220° C., inclusive.

Next, precoating 201 is performed before substrate instal-
lation, and a silicon film is formed as an inner wall coating
film. In precoating 201, after removing a gas (an atmospheric
component such as oxygen and nitrogen or an etching gas
used in cleaning the reaction chamber) that is attached to the
inner wall of the reaction chamber by generating plasma by
introducing hydrogen or a rare gas, a silane gas is introduced
to generate plasma. Since a silane gas reacts with oxygen,
moisture, and the like, by introducing a silane gas and gener-
ating silane plasma, oxygen and moisture in the reaction
chamber can be removed. Further, by performing precoating
201, a metal element of a member constituting the reaction
chamber can be prevented from entering the microcrystalline
silicon film as an impurity. In other words, by covering the
inside of the reaction chamber with silicon, the inside of the
reaction chamber can be prevented from being etched by
plasma, and the impurity concentration of the microcrystal-
line silicon film formed later can be reduced. Precoating 201
includes treatment in which the inner wall of the reaction
chamber is covered with a film that is of the same kind as a
film to be deposited over the substrate.

After precoating 201, substrate installation 202 is per-
formed. The substrate over which the microcrystalline silicon
film is to be deposited is kept in a load chamber that is vacuum
evacuated; therefore, a degree of vacuum in the reaction
chamber is not degraded much even if the substrate is
installed.
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Next, base pretreatment 203 is performed. It is preferable
that base pretreatment 203 be performed since it is treatment
that is particularly effective in the case of forming a microc-
rystalline silicon film. In the case of forming a microcrystal-
line silicon film over a glass substrate surface, an insulating
film surface, or an amorphous silicon surface by a plasma
CVD method, there is a possibility that an amorphous layer
may be formed in an initial stage of deposition due to an
impurity or lattice mismatch. In order to reduce the thickness
of'this amorphous layer as much as possible, or to get rid of it
if possible, it is preferable to perform base pretreatment 203.
As base pretreatment 203, rare gas plasma treatment, hydro-
gen plasma treatment, or a combination of both is preferably
performed. For the rare gas plasma treatment, it is preferable
that a rare gas element with a large mass number such as
argon, krypton, or xenon be used. This is so that an impurity
such as oxygen, moisture, an organic substance, or a metal
element that is attached to the surface is removed by a sput-
tering effect. The hydrogen plasma treatment is effective in
that by hydrogen radicals, the above impurity that is adsorbed
to the surface is removed, and a clean film surface is formed
by an etching effect with respect to the insulating film or the
amorphous silicon film. Further, by performing both the rare
gas plasma treatment and the hydrogen plasma treatment, an
effect of promoting growth of microcrystal nuclei can be
expected.

In terms of promoting growth of microcrystal nuclei, it is
effective to supply a rare gas such as argon continuously in the
initial stage of forming the microcrystalline silicon film, as
shown by a broken line 207 in FIG. 5.

Next, deposition treatment 204 for forming the microcrys-
talline silicon film is performed after base pretreatment 203.
Inthis embodiment mode, a microcrystalline silicon film near
an interface with the gate insulating film is formed under a
first deposition condition in which a deposition rate is low but
the quality of a film to be formed is high, and then a microc-
rystalline silicon film is deposited further under a second
deposition condition in which a deposition rate is high.

There are no particular limitations as long as the deposition
rate of the second deposition condition is higher than that
under the first deposition condition. Therefore, a microcrys-
talline silicon film can be formed by a high frequency plasma
CVD method with a frequency of several tens of MHz to
several hundred MHz or using a microwave plasma CVD
apparatus with a frequency of greater than or equal to 1 GHz.
Typically, the microcrystalline silicon film can be formed by
generating plasma by diluting a silicon hydride such as SiH,
or Si,H, with hydrogen. Further, in addition to silicon hydride
and hydrogen, one kind or plural kinds of rare gas elements
selected from helium, argon, krypton, and neon can be used
for dilution to form the microcrystalline semiconductor film.
The flow ratio of hydrogen to silicon hydride in these cases is
12:1t0 1000:1, preferably 50:1 to 200:1, and more preferably
100:1. Note that instead of silicon hydride, SiH,Cl,, SiHCl,,
SiCl,, SiF,, or the like can be used.

Further, in the case of adding helium to a source gas, since
helium has an ionization energy of 24.5 eV that is the largest
among all gases, and has a metastable state in the level of
about 20 eV that is a little lower than the ionization energy,
only the difference of about 4 eV is necessary for ionization
while keeping discharge. Therefore, the discharge starting
voltage also shows the lowest value among all gases. Because
of such characteristics, helium can maintain plasma with
stability. Further, since helium can form uniform plasma,
even if an area of a substrate over which a microcrystalline
silicon film is deposited is large, helium has an effect of
making plasma density uniform.
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Further, an energy band width may be adjusted to 1.5 eV to
2.4eVor09eVtol.l eVbymixingahydride of carbon such
as CH, or C,H,, a germanium hydride such as GeH, or GeF ,,
or a germanium fluoride into a gas such as silane. By adding
carbon or germanium to silicon, the temperature characteris-
tic of a TFT can be changed.

Here, under the first deposition condition, silane is diluted
greater than 100 times and less than or equal to 2000 times
with hydrogen and/or a rare gas, and a heating temperature of
the substrate is greater than or equal to 100° C. and less than
300° C., preferably 120° C. to 220° C., inclusive. In order to
promote growth of microcrystalline silicon, a film is prefer-
ably formed at 120° C. to 220° C., inclusive.

A cross-sectional view up through the step under the first
deposition condition is shown in FIG. 1B. Over the gate
insulating film 52¢, a microcrystalline silicon film 23 is
formed, which is formed at a low deposition rate but has high
quality. The quality of this microcrystalline semiconductor
film 23 obtained under the first deposition condition contrib-
utes to increasing the on-current and improving the field-
effect mobility of a TFT that is formed later; therefore, it is
important to sufficiently reduce an oxygen concentration in
the film to an oxygen concentration of less than or equal to
1x10*” atoms/cm?>. Further, by the above procedure, not only
the concentration of oxygen that mixes into the microcrystal-
line semiconductor film is reduced, but those of nitrogen and
carbon can also be reduced; therefore, the microcrystalline
semiconductor film becoming an n-type can be prevented.

Next, a deposition rate is increased from that under the first
deposition condition to that under the second deposition con-
dition, to form a microcrystalline semiconductor film 53. A
cross-sectional view of this stage is shown in FIG. 1C. The
film thickness of the microcrystalline semiconductor film 53
may be 50 nm to 500 nm (preferably 100 nm to 250 nm). Note
that in this embodiment mode, deposition time of the micro-
crystalline semiconductor film 53 includes a first deposition
period in which deposition is performed under the first depo-
sition condition, and a second deposition period in which
deposition is performed under the second deposition condi-
tion. Note that although a film formed under the first deposi-
tion condition can be called a first microcrystalline semicon-
ductor film and a film formed under the second deposition
condition can be called a second microcrystalline semicon-
ductor film, it is difficult to identify a clear interface between
the first microcrystalline semiconductor film and the second
microcrystalline semiconductor film after deposition.
Accordingly, here, a stacked layer film obtained by changing
the condition during deposition is referred to as a microcrys-
talline semiconductor film.

In this embodiment mode, under the second deposition
condition, silane is diluted 12 times to 100 times with hydro-
gen and/or a rare gas, and a heating temperature of the sub-
strate is greater than or equal to 100° C. and less than 400° C.,
preferably 120° C. to 220° C., inclusive. Note that a deposi-
tion rate is 3.05 nm/min in the case of forming a microcrys-
talline silicon film under the following condition: a capaci-
tively coupled (parallel plate) plasma CVD apparatus is used,
a gap (a distance between an electrode surface and a substrate
surface) is 20 nm, a degree of vacuum in the reaction chamber
is 100 Pa, substrate temperature is 300° C., 20 W of high-
frequency power with a frequency of 60 MHz is applied, and
a silane gas (the flow rate of 8 sccm) is diluted 50 times with
hydrogen (the flow rate of 400 sccm). The Raman intensity
ratio (Ic/la) of the microcrystalline silicon film which is
obtained under this deposition condition is 3.52. In addition,
when only the flow rate of a silane gas is changed to 4 sccm
and diluted 100 times under the above deposition condition, a
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deposition rate for forming a microcrystalline silicon film is
1.53 nm/min. In this manner, according to the experiment
results, it is confirmed that a deposition rate is increased by
fixing the flow rate of hydrogen and increasing the flow rate of
silane. The Raman intensity ratio (Ic/Ia) of the microcrystal-
line silicon film which is obtained by dilution of silane 100
times is 6.19. According to the experiment results, it is con-
firmed that crystallinity of a microcrystalline silicon film
formed under the deposition condition with a low deposition
rate tends to be high, compared to the deposition condition
with a high deposition rate.

In addition, when a microcrystalline silicon film is formed
under the above condition in which the deposition rate 0of 1.53
nm/min is obtained, with just the substrate temperature
changed to 200° C., a deposition rate of 1.286 nm/min can be
obtained. That is, with the substrate temperature lowered, a
deposition rate of the microcrystalline silicon film is slightly
lowered. The microcrystalline silicon film is formed in a
greatly different way from an amorphous silicon film. For
example, in formation of the amorphous silicon film, a depo-
sition rate tends to be increased when the substrate tempera-
ture is lowered. In addition, it is confirmed that when the
substrate temperature is set at 200° C. under the deposition
condition of the microcrystalline silicon film, by fixing the
flow rate of hydrogen and increasing the flow rate of silane, a
deposition rate tends to increase.

In this embodiment mode, a capacitively coupled (parallel
plate) plasma CVD apparatus is used, a gap (a distance
between an electrode surface and a substrate surface) is set at
20 nm, and a microcrystalline silicon film is formed under the
first deposition condition and the second deposition condi-
tion. Under the first deposition condition, a degree of vacuum
in the reaction chamber is 100 Pa, substrate temperature is
100° C., 30 W of high-frequency power with a frequency of
60 MHz is applied, and a silane gas (the flow rate of 2 sccm)
is diluted 200 times with hydrogen (the flow rate of 400
sccm). Under the second deposition condition, in order to
increase a deposition rate, the gas flow rate is changed, and a
silane gas of 4 sccm is diluted 100 times with hydrogen (the
flow rate of 400 sccm) (other conditions are the same as in the
first deposition condition).

Next, after formation of the microcrystalline silicon film
under the second deposition condition, supply of the source
gas such as silane and hydrogen, and the high-frequency
power are stopped, and substrate removal 205 is performed.
In the case of performing the deposition treatment to a sub-
sequent substrate, the same treatment starting from substrate
installation 202 is performed. In order to remove a coating
film or powder that is attached to the inside of the reaction
chamber, cleaning 206 is performed.

In cleaning 206, plasma etching is performed by introduc-
ing an etching gas typified by NF; and SF,. Alternatively,
cleaning 206 is performed by introducing a gas capable of
etching without using plasma, such as CIF;. It is preferable
that cleaning 206 be performed with the heater for heating the
substrate turned off, and with the temperature of the inner
wall of the chamber reduced. This is to suppress generation of
a reaction by-product due to etching. After completion of
cleaning 206, the same treatments as described above may be
performed to the subsequent substrate starting from precoat-
ing 201.

Next, after forming the microcrystalline semiconductor
film 53, the substrate is transferred without exposure to air,
and a buffer layer 54 is preferably formed in a vacuum cham-
ber that is different from the vacuum chamber for forming the
microcrystalline semiconductor film 53. By having separate
vacuum chambers for forming the buffer layer 54 and forming

5

10

15

20

25

30

35

40

45

50

55

60

65

16

the microcrystalline semiconductor film 53, the vacuum
chamber for forming the microcrystalline semiconductor film
53 can be a chamber dedicated to having an ultra-high
vacuum prior to introducing the substrate. Accordingly, con-
tamination by an impurity can be suppressed to a minimum,
and the time it takes to reach an ultra-high vacuum can be
shortened. This is particularly effective in the case of per-
forming baking to reach the ultra-high vacuum, because it
takes time for the inner-wall temperature of the chamber to
become lower and stable. Furthermore, by having separate
vacuum chambers, different frequencies of high-frequency
power can be used according to film qualities that are to be
obtained. For example, it is possible that a microcrystalline
semiconductor film is formed in a first chamber using high-
frequency power with a frequency of 60 MHz, and then, a
buffer layer is formed in a second chamber using high-fre-
quency power with a frequency of 13.56 MHz.

The buffer layer 54 is formed using an amorphous semi-
conductor film containing hydrogen, nitrogen, or halogen. An
amorphous semiconductor film containing hydrogen can be
formed by using hydrogen with a flow rate that is 1 times to 10
times, preferably 1 times to 5 times the flow rate of silicon
hydride. Further, an amorphous semiconductor film contain-
ing nitrogen can be formed by using nitrogen or ammonia
with the above silicon hydride. In addition, an amorphous
semiconductor film containing fluorine, chlorine, bromine, or
iodine can be formed by using a gas containing fluorine,
chlorine, bromine, or iodine (F,, Cl,, Br,, 1,, HF, HCI, HBr,
HI, or the like) with the above silicon hydride. Note that
instead of silicon hydride, SiH,Cl,, SiHCl,, SiCl,, SiF,, or
the like can be used.

Further, the amorphous semiconductor film for the buffer
layer 54 can be formed by sputtering using hydrogen or a rare
gas with an amorphous semiconductor as a target. At this
time, by including ammonia, nitrogen, or N,O in an atmo-
sphere of the chamber, an amorphous semiconductor film
containing nitrogen can be formed. Further, by including a
gas containing fluorine, chlorine, bromine, or iodine (F,, Cl,,
Br,, 1,, HF, HCI, HBr, HI, or the like) in the atmosphere, an
amorphous semiconductor film containing fluorine, chlorine,
bromine, or iodine can be formed.

The buffer layer 54 is preferably formed of an amorphous
semiconductor film that does not contain crystal grains.
Therefore, in the case of forming the buffer layer 54 by a high
frequency plasma CVD method with a frequency of several
tens of MHz to several hundred MHz or a microwave plasma
CVD method, it is preferable to control a deposition condition
so that an amorphous semiconductor film that does not con-
tain crystal grains is formed.

The buffer layer 54 is partially etched later in a formation
process of a source region and a drain region. It is preferable
that the buffer layer 54 is formed with a sufficient thickness so
that a part thereof is left remaining after etching, so as not to
expose the microcrystalline semiconductor film 53. Typi-
cally, the bufter layer 54 is formed with a thickness of 100 nm
to 400 nm, inclusive, preferably 200 nm to 300 nm, inclusive.
In a display device in which high voltage is applied to a thin
film transistor (for example, about 15V), typically a liquid
crystal display device, forming the buffer layer 54 with a large
thickness in the above range makes a withstand voltage high,
which can result in avoiding deterioration of the thin film
transistor even when high voltage is applied to the thin film
transistor.

Note that in the buffer layer 54, an impurity element
imparting one conductivity type such as phosphorus or boron
is not added intentionally. The buffer layer 54 functions as a
barrier layer so that an impurity element from a semiconduc-
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tor film 55, to which an impurity element imparting one
conductivity type is added, is not dispersed into the microc-
rystalline semiconductor film 53. In the case of not providing
the buffer layer 54, when the microcrystalline semiconductor
film 53 and the semiconductor film 55 to which the impurity
element imparting one conductivity type is added come into
contact with each other, the impurity element moves in a later
etching step or heat treatment, and there is a possibility that
control of a threshold voltage becomes difficult.

Further, by forming the buffer layer 54 over the surface of
the microcrystalline semiconductor film 53, natural oxidation
of surfaces of crystal grains contained in the microcrystalline
semiconductor film 53 can be prevented. In a region where an
amorphous semiconductor and crystal grains come into con-
tact with each other, it is particularly easy for a crack to be
formed due to localized stress. When this crack is exposed to
oxygen, the crystal grains are oxidized, and silicon oxide is
formed.

An energy gap of the buffer layer 54 that is an amorphous
semiconductor film is larger than that of the microcrystalline
semiconductor film 53 (an energy gap of the amorphous
semiconductor film is 1.6 eV to 1.8 eV, and an energy gap of
the microcrystalline semiconductor film 53 is 1.1 eV to 1.5
eV). Also, resistance is higher and electron mobility is lower
in the buffer layer 54 than in the microcrystalline semicon-
ductor film 53, and the electron mobility of the buffer layer 54
is Y5 to ¥io of that of the microcrystalline semiconductor film
53. Accordingly, in a thin film transistor that is formed later,
the buffer layer 54 that is formed between source and drain
regions and the microcrystalline semiconductor film 53 func-
tions as a high-resistant region, and the microcrystalline
semiconductor film 53 functions as a channel formation
region. Therefore, an off-current of the thin film transistor can
be reduced. In the case of using the thin film transistor for a
switching element of a display device, contrast of the display
device can be improved.

It is preferable that the buffer layer 54 be formed over the
microcrystalline semiconductor film 53 by a plasma CVD
method, at substrate temperatures of greater than or equal to
300° C. and less than 400° C. By this treatment, hydrogen is
supplied to the microcrystalline semiconductor film 53, and
the same effect as hydrogenizing the microcrystalline semi-
conductor film 53 can be obtained. In other words, by depos-
iting the buffer layer 54 over the microcrystalline semicon-
ductor film 53, hydrogen is dispersed in the microcrystalline
semiconductor film 53, and dangling bonds can be termi-
nated. Further, during formation of the buffer layer 54,
annealing can be performed to the microcrystalline semicon-
ductor film 53 to improve film quality. In particular, although
the film obtained under the second deposition condition is
formed at a higher deposition rate than the film obtained
under the first deposition condition, crystallinity obtained
under the second deposition condition tends to be degraded
compared to crystallinity obtained under the first deposition
condition. However, by annealing during formation of the
buffer layer, film quality such as crystallinity can be
improved.

Next, after forming the buffer layer 54, the substrate is
transferred without exposure to air, and the semiconductor
film 55 to which the impurity element imparting one conduc-
tivity type is added is preferably formed in a vacuum chamber
that is different from the vacuum chamber for forming the
buffer layer 54. A cross-sectional view at this stage is shown
in FIG. 1D. By forming the semiconductor film 55 to which
the impurity element imparting one conductivity is added in a
vacuum chamber that is different from the vacuum chamber
for forming the buffer layer 54, the impurity element impart-
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ing one conductivity type can be prevented from mixing into
the buffer layer when the buffer layer is formed.

To the semiconductor film 55 to which the impurity ele-
ment imparting one conductivity is added, in the case of
forming an n-channel thin film transistor, phosphorus as a
typical impurity element may be added, and an impurity gas
such as PH; may be added to silicon hydride. Alternatively, in
the case of forming a p-channel thin film transistor, boron as
atypical impurity element may be added, and an impurity gas
such as B,Hg may be added to silicon hydride. The semicon-
ductor film 55 to which the impurity element imparting one
conductivity type is added can be formed of a microcrystal-
line semiconductor or an amorphous semiconductor. The
semiconductor film 55 to which the impurity element impart-
ing one conductivity type is added is formed to have a thick-
ness of 2 nm to 50 nm, inclusive. By the thickness of the
semiconductor film 55 to which the impurity element impart-
ing one conductivity type is added being thin, throughput can
be improved.

Next, as shown in FIG. 2A, a resist mask 56 is formed over
the semiconductor film 55 to which the impurity element
imparting one conductivity is added. The resist mask 56 is
formed by a photolithography technique or an ink-jet method.
Here, the resist mask 56 is formed by performing exposure to
light and development to a resist that is applied over the
semiconductor film 55 to which the impurity element impart-
ing one conductivity type is added, using a second photo-
mask.

Next, the microcrystalline semiconductor film 53, the
buffer layer 54, and the semiconductor film 55 to which the
impurity element imparting one conductivity is added are
etched using the resist mask 56, to form a microcrystalline
semiconductor film 61, a buffer layer 62, and a semiconductor
film 63 to which the impurity element imparting one conduc-
tivity type is added, as shown in FIG. 2B. After that, the resist
mask 56 is removed.

By surfaces of end portions of the microcrystalline semi-
conductor film 61 and the buffer layer 62 having inclines,
occurrence of a leakage current between source and drain
regions formed over the buffer layer 62 and the microcrystal-
line semiconductor film 61 can be prevented. In addition,
occurrence of a leakage current between source and drain
electrodes and the microcrystalline semiconductor film 61
can be prevented. Inclination angles of the surfaces of the end
portions of the microcrystalline semiconductor film 61 and
the bufter layer 62 are each 30° to 90°, preferably 45° to 80°.
With such an angle, disconnection of the source electrode or
the drain electrode due to a step shape can be prevented.

Next, as shown in FIG. 2C, conductive films 654 to 65¢ are
formed so as to cover the semiconductor film 63 to which the
impurity element imparting one conductivity type is added
and the gate insulating film 52c¢. It is preferable that the
conductive films 654 to 65¢ are formed as a single layer of
aluminum, copper, or an aluminum alloy to which an element
that improves heat resistance or an element that prevents
hillock such as silicon, titanium, neodymium, scandium, or
molybdenum is added; or as stacked layers thereof. Alterna-
tively, a film on a side that is in contact with the semiconduc-
tor film to which the impurity element imparting one conduc-
tivity type is added may be formed of titanium, tantalum,
molybdenum, tungsten, or a nitride thereof, and then alumi-
num or an aluminum alloy may be formed thereover to form
alayered structure. Further alternatively, the layered structure
may be that in which aluminum or an aluminum alloy is
sandwiched by titanium, tantalum, molybdenum, tungsten, or
a nitride thereof, from above and below. Here, as the conduc-
tive film, a conductive film with a three-layer stacked-layer
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structure of the conductive films 65a to 65¢ is shown, and a
stacked-layer conductive film using molybdenum films for
the conductive films 654 and 65¢ and an aluminum film for
the conductive film 655, and a stacked-layer conductive film
using titanium films for the conductive films 65a and 65¢ and
an aluminum film for the conductive film 655 are shown. The
conductive films 654 to 65¢ are formed by a sputtering
method or a vacuum evaporation method.

Next, as shown in FIG. 2D, a resist mask 66 is formed over
the conductive films 65a to 65¢ using a third photomask, and
the conductive films 654 to 65¢ are partially etched to form
pairs of source and drain electrodes 71a to 71¢. By perform-
ing wet etching on the conductive films 65a to 65¢, the con-
ductive films 65a to 65¢ are etched as selected. As aresult, the
conductive films are isotropically etched, and thus, the source
and drain electrodes 71a to 71c can be formed to have a
smaller area than the resist mask 66.

Next, as shown in FIG. 3A, the semiconductor film 63 to
which the impurity element imparting one conductivity type
is added is etched using the resist mask 66, to form a pair of
source and drain regions 72. Further, in this etching step, a
part of the buffer layer 62 is also etched. The buffer layer that
is partially etched and has a depression (groove) is referred to
as a buffer layer 73. The source and drain regions 72 and the
depression (groove) of the buffer layer 73 can be formed in
the same step. By making a depth of the depression (groove)
of the buffer layer to be % to V5 of a thickness of the thickest
region of the buffer layer 73, it is possible to have distance
between the source region and the drain region. Accordingly,
aleakage current between the source and drain regions can be
reduced. After that, the resist mask 66 is removed.

When the resist mask 66 is exposed to plasma used in dry
etching or the like, the resist mask is altered and it is not
removed completely in a resist removal step. Accordingly, the
buffer layer is etched by about 50 nm to prevent residue from
being left behind. The resist mask 66 is used twice, once in the
treatment for partially etching the portion of the conductive
films 65a to 65¢, and once in the etching treatment during
formation of the source and drain regions 72. When dry
etching is used in both treatments, residue is easily left
behind; therefore, it is effective to form the buffer layer,
which may be etched when the residue is removed com-
pletely, to be thick. In addition, the buffer layer 73 can prevent
plasma damage to the microcrystalline semiconductor film 61
during dry etching.

Next, as shown in FIG. 3B, an insulating film 76 is formed
so as to cover the source and drain electrodes 71a to 71c¢, the
source and drain regions 72, the buffer layer 73, the microc-
rystalline semiconductor film 61, and the gate insulating film
52c¢. The insulating film 76 can be formed by using the same
method as the method used for forming the gate insulating
films 52a, 5256 and 52¢. Note that the insulating film 76 is for
preventing entrance of a contaminating impurity such as an
organic substance, a metal substance, or water vapor which is
contained in the air, and a dense film is preferable. Further, by
using a silicon nitride film for the insulating film 76, the
oxygen concentration in the buffer layer 73 can be at less than
or equal to 5x10*° atoms/cm®, preferably at less than or equal
to 1x10'° atoms/cm?.

As shown in FIG. 3B, by having end portions of the source
and drain electrodes 71a to 71¢ not align with end portions of
the source and drain regions 72, a leakage current and short
circuit between the source and drain electrodes can be pre-
vented since there is distance between the source and drain
electrodes 71a to 71c. Further, by the end portions of the
source and drain electrodes 71a to 71¢ not aligning with the
end portions of the source and drain regions 72, a leakage
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current between the gate electrode 51 and the source and drain
electrodes 71a to 71¢ can be prevented because an electrical
field does not concentrate at the end portions of the source and
drain electrodes 71a to 71¢ and the source and drain regions
72. Accordingly, a thin film transistor with high reliability and
high withstand voltage can be manufactured.

By the above process, a thin film transistor 74 can be
formed.

In the thin film transistor described in this embodiment
mode, the gate insulating film, the microcrystalline semicon-
ductor film, the buffer layer, the source and drain regions, and
the source and drain electrodes are stacked over the gate
electrode, and the bufter layer covers the surface of the micro-
crystalline semiconductor film which functions as a channel
formation region. In addition, a depression (a groove) is
formed in a part of the buffer layer, and regions other than the
depression are covered with the source and drain regions.
That is, because there is distance between the source region
and the drain region due to the depression formed in the buffer
layer, a leakage current between the source and drain regions
can be reduced. In addition, because the depression is formed
by etching of a part of the buffer layer, an etching residue
which is generated in the formation step of the source and
drain regions can be removed. Accordingly, a leakage current
(parasitic channel) can be prevented from being generated
between the source and drain regions through the residue.

The buffer layer is formed between the microcrystalline
semiconductor film that functions as a channel formation
region and the source and drain regions. In addition, the buffer
layer covers the surface of the microcrystalline semiconduc-
tor film. Because the buffer layer, which has high resistance,
is formed also between the microcrystalline semiconductor
film and the source and drain regions, occurrence of a leakage
current can be reduced in a thin film transistor, and deterio-
ration due to application of high voltage can be suppressed. In
addition, the buffer layer, the microcrystalline semiconductor
film, and the source and drain regions are formed in regions
that overlap with the gate electrode. Accordingly, a structure
thereof is not affected by a shape of an end portion of the gate
electrode. When the gate electrode is formed to have a layered
structure and aluminum is used in a lower layer, there is a
possibility of generation of hillock due to aluminum being
exposed on a side surface of the gate electrode. However, by
a structure in which the source and drain regions do not
overlap with the end portions of the gate electrode, short
circuit occurring in a region overlapping with the side surface
of'the gate electrode can be prevented. Moreover, because the
amorphous semiconductor film, the surface of which is sub-
jected to termination by hydrogen, is formed as the buffer
layer over the surface of the microcrystalline semiconductor
film, the microcrystalline semiconductor film can be pre-
vented from being oxidized, and an etching residue which is
generated in the formation step of the source and drain
regions can be prevented from being mixed into the microc-
rystalline semiconductor film. Accordingly, the thin film tran-
sistor has high electric characteristics and high withstand
voltage.

Further, a channel length of the thin film transistor can be
shortened, and a planar area of the thin film transistor can be
made smaller.

Next, a contact hole is formed in the insulating film 76 by
etching a part of the insulating film 76 using a resist mask that
is formed using a fourth photomask. Then, a pixel electrode
77 is formed in the contact hole to be in contact with the
source or drain electrode 71¢. Note that FIG. 3C corresponds
to a cross-sectional view in FIG. 4 along a chain line A-B.
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As illustrated in FIG. 4, it can be seen that end portions of
the source and drain regions 72 are located outside the end
portions of the source and drain electrodes 71¢. In addition,
end portions of the buffer layer 73 are located outside the end
portions of the source and drain electrodes 71¢ and the source
and drain regions 72. Further, one of the source and drain
electrodes surrounds the other of the source and drain elec-
trodes (specifically, the former electrode is in a U-shape or a
C-shape). Thus, an area of aregion in which carriers move can
be increased, and thus the amount of current can be increased
and an area for a thin film transistor can be reduced. Over the
gate electrode, the microcrystalline semiconductor film and
the source and drain electrodes are overlapped, and thus influ-
ence by unevenness of the gate electrode is small and reduc-
tion of coverage and generation of a leakage current can be
suppressed. Note that one of the source and drain electrodes
also functions as a source or drain wiring.

Further, for the pixel electrode 77, a light-transmitting
conductive material can be used, such as indium oxide con-
taining tungsten oxide, indium zinc oxide containing tung-
sten oxide, indium oxide containing titanium oxide, indium
tin oxide containing titanium oxide, indium tin oxide, indium
zinc oxide, or indium tin oxide to which silicon oxide is
added.

Furthermore, the pixel electrode 77 can be formed using a
conductive composition containing a conductive high-mo-
lecular material (also called a “conductive polymer”). The
pixel electrode 77 formed using a conductive composition
preferably has a sheet resistance ofless than or equal to 10000
Q/[], and transmittance of greater than or equal to 70% at a
wavelength of 550 nm. In addition, it is preferable that the
conductive high-molecular material contained in the conduc-
tive composition have an electrical resistivity of less than or
equal to 0.1 Q-cm.

As the conductive high-molecular material, a so-called 7
electron conjugated conductive high-molecular material can
be used. For example, polyaniline or a derivative thereof,
polypyrrole or a derivative thereof, polythiophene or a deriva-
tive thereof, or a copolymer of at least two types of the above
can be given.

Here, as the pixel electrode 77, a film of indium tin oxide is
formed by a sputtering method, and then a resist is applied
over the indium tin oxide film. Next, the resist is exposed to
light and developed using a fifth photomask, and a resist mask
is formed. Then, the pixel electrode 77 is formed by etching
the indium tin oxide film using the resist mask.

Accordingly, an element substrate that can be used for a
display device can be formed.

(Embodiment Mode 2)

This embodiment mode shows one example of a multi-
chamber plasma CVD apparatus suitable for formation of a
gate insulating film, a microcrystalline semiconductor film,
and an n* layer included in the TFT described in Embodiment
Mode 1.

FIG. 6 shows one example of a multi-chamber plasma
CVD apparatus provided with a plurality of reaction cham-
bers. This apparatus is provided with a common chamber 123,
a load/unload chamber 122, a first reaction chamber 100a, a
second reaction chamber 1005, and a third reaction chamber
100c. This apparatus is a single wafer-processing type in
which a substrate set in a cassette 124 in the load/unload
chamber 122 is transferred to/from each reaction chamber by
a transfer unit 126 in the common chamber 123. A gate valve
125 is provided between the common chamber 123 and each
reaction chamber, so that processing in one reaction chamber
does not affect processing in other reaction chambers.
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The reaction chambers are sorted according to the kinds of
thin films to be formed. For example, an insulating film such
as a gate insulating film is formed in the first reaction chamber
1004, a microcrystalline semiconductor layer which forms a
channel is formed in the second reaction chamber 1005, and
a buffer layer and a semiconductor layer to which an impurity
element imparting one conductivity type is added and which
forms a source and a drain are formed in the third reaction
chamber 100c¢. Of course, the number of the reaction cham-
bers is not limited to three, and can be increased or decreased
as needed. Further, one film may be formed in one reaction
chamber, or a plurality of films may be formed in one reaction
chamber.

As another example, an insulating film such as a gate
insulating film is formed in the first reaction chamber 100a, a
microcrystalline semiconductor layer which forms a channel
and a buffer layer are formed in the second reaction chamber
1005, and a semiconductor layer to which an impurity ele-
ment imparting one conductivity type is added and which
forms a source and a drain is formed in the third reaction
chamber 100c.

A turbo molecular pump 119 and a dry pump 120 are
connected to each reaction chamber as exhaust units. The
exhaust units are not limited to a combination of these
vacuum pumps and can employ other vacuum pumps as long
as they can evacuate the reaction chamber to a degree of
vacuum of about 10> Pa to 107! Pa. A cryopump 121 is
connected to the second reaction chamber 1005 in which a
microcrystalline semiconductor film is formed so that the
reaction chamber is evacuated to an ultra-high vacuum
(UHV). A butterfly valve 117 is provided between an exhaust
unit and each reaction chamber. With the butterfly valve 117,
vacuum-evacuation can be blocked. Further, an evacuation
rate is controlled by a conductance valve 118, so that pressure
in each reaction chamber can be controlled. The combination
of the exhaust units shown in FIG. 6 is one example and the
combination is not particularly limited thereto.

A gas supply unit 108 includes a cylinder 110 filled with a
gas used for processing such as a semiconductor material gas
or arare gas, a stop valve 112, a mass flow controller 113, and
the like. A gas supply unit 108g is connected to the first
reaction chamber 100a to supply a gas for forming a gate
insulating film. A gas supply unit 108/ is connected to the
second reaction chamber 1005 to supply a gas for forming a
microcrystalline semiconductor film. A gas supply unit 108
is connected to the third reaction chamber 100c¢ to supply a
gas for forming, for example, an n-type semiconductor film.
A gas supply unit 1084 supplies argon, and a gas supply unit
108/ supplies an etching gas used for cleaning of the inside of
the reaction chambers. Thus, the gas supply units 108a and
108f are provided in common for each reaction chamber.

A high-frequency power supply unit is connected to each
reaction chamber for generating plasma. The high-frequency
power supply unit includes a high-frequency power source
104 and a matching box 106. A frequency of the high-fre-
quency power source 104 is several tens of MHz to several
hundred MHz, such as 13.56 MHz, 27 MHz, or 60 MHz.

As in this embodiment mode, when a plurality of reaction
chambers is used and connected to a common chamber as
shown in FIG. 6, a plurality of different layers can be formed
successively without being exposed to the air.

This embodiment mode can be combined with Embodi-
ment Mode 1 as appropriate.

(Embodiment Mode 3)

This embodiment mode will describe a manufacturing pro-
cess of a thin film transistor using a multi-chamber plasma
CVD apparatus which is different from that in FIG. 6
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described in Embodiment Mode 2, with reference to FIG. 7.
FIG. 6 shows the apparatus provided with three reaction
chambers, whereas FIG. 7 is a top view of a multi-chamber
plasma CVD apparatus provided with four reaction cham-
bers.

FIG. 7 shows a structure in which a fourth reaction cham-
ber 1004 is provided in addition to the structure of the multi-
chamber plasma CVD apparatus of FIG. 6. In FIG. 7, the
same components as in FIG. 6 are denoted by the same
reference numerals and detailed description thereof is omit-
ted. Further, a combination of exhaust units shown in FIG. 7
is one example and the combination is not particularly limited
thereto.

A gas supply unit 1085 is connected to the fourth reaction
chamber 100d. The structure of the high-frequency power
supply units and the exhaust units is the same as in FIG. 6. The
reaction chambers can be sorted according to the kinds of thin
films to be formed. For example, an insulating film such as a
gate insulating film is formed in the first reaction chamber
100a, a microcrystalline semiconductor layer which forms a
channel is formed in the second reaction chamber 1005, a
buffer layer which protects a semiconductor layer for forming
a channel is formed in the fourth reaction chamber 1004, and
a semiconductor layer to which an impurity element impart-
ing one conductivity type is added and which forms a source
and a drain is formed in the third reaction chamber 100c. Each
thin film is formed best at a certain deposition temperature
(referred to as substrate temperature), and the deposition tem-
perature can be easily controlled by formation of each film in
a different reaction chamber. Furthermore, since the same
kind of films can be formed repeatedly in the same reaction
chamber, an influence of residual impurities due to films
which have been formed can be eliminated.

In addition, in FIG. 7, the second reaction chamber 1005 is
provided with a switch 127 which controls application of
high-frequency power. Under the first deposition condition, a
microcrystalline semiconductor layer is formed by a continu-
ous discharge plasma CVD method in which a source gas is
affected continuously by discharge of high-frequency power
by keeping the switch 127 turned on. Then, under the second
deposition condition, the switch 127 is controlled to be turned
on and off, and a microcrystalline semiconductor layer is
further formed by an intermittent discharge plasma CVD
method in which a source gas is affected intermittently by
discharge of high-frequency power. In other words, under the
first deposition condition, continuous discharge is performed
in the first deposition period, and under the second deposition
condition, a deposition rate is made higher than that under the
first deposition condition by a method in which a plurality of
discharge-stop-periods is provided in the second deposition
period of one substrate by turning off the high-frequency
power. The deposition rate under the second deposition con-
dition can be higher than that under the first deposition con-
dition by the control of turning on and off the high-frequency
power; thus, this method is easier than other methods in which
other conditions are changed.

This embodiment mode can be combined with Embodi-
ment Mode 1 or 2 as appropriate.

(Embodiment Mode 4)

A manufacturing method of a thin film transistor, which is
different from that in Embodiment Mode 1, will be described
with reference to FIGS. 8A to 8D, FIGS. 9A and 9B, FIGS.
10A to 10C, FIGS. 11A and 11B, and FIGS. 12A to 12C. In
this embodiment mode, a process for manufacturing a thin
film transistor, which uses a process capable of reducing the
number of photomasks compared to Embodiment Mode 1,
will be described.
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In a similar manner to FIG. 1A described in Embodiment
Mode 1, a conductive film is formed over a substrate 50, a
resist is applied over the conductive film, and the conductive
film is partially etched using a resist mask formed by photo-
lithography using a first photomask, so that a gate electrode
51 is formed. Next, over the gate electrode 51, gate insulating
film 52a, 525, and 52¢ are formed in this order.

Next, in a similar manner to FIG. 1B described in Embodi-
ment Mode 1, a microcrystalline semiconductor film 23 is
formed under the first deposition condition. Then, in a similar
manner to FIG. 1C described in Embodiment Mode 1, a
microcrystalline semiconductor film 53 is formed in the same
chamber under the second deposition condition. Next, in a
similar manner to FIG. 1D described in Embodiment Mode 1,
a buffer layer 54 and a semiconductor film 55 to which an
impurity element imparting one conductivity type is added
are formed in sequence over the microcrystalline semicon-
ductor film 53.

Next, conductive films 65a to 65¢ are formed over the
semiconductor film 55 to which the impurity element impart-
ing one conductivity type is added. Next, as shown in FIG.
9A, aresist 80 is applied over the conductive film 65a.

As the resist 80, a positive resist or a negative resist can be
used. In this embodiment mode, a positive resist is used.

Next, a multi-tone mask 59 is used as a second photomask
and the resist 80 is irradiated with light, whereby the resist 80
is exposed to light.

The exposure to light with the use of the multi-tone mask
59 will be described below with reference to FIGS. 8A to 8D.

The multi-tone mask is a mask capable of performing
exposure to light at three levels: an exposed portion, a half-
tone-exposed portion, and an unexposed portion; therefore, a
resist mask having regions with different thicknesses (typi-
cally, two kinds of thicknesses) can be formed by one expo-
sure-to-light and development process. Thus, the use of the
multi-tone mask can reduce the number of photomasks.

As typical examples of the multi-tone mask, a gray-tone
mask 59a shown in FIG. 8A and a half-tone mask 594 shown
in FIG. 8C are given.

As shown in FIG. 8A, the gray-tone mask 59« includes a
light-transmitting substrate 163 provided with a light-block-
ing portion 164 and a diffraction grating 165. The light trans-
mittance in the light-blocking portion 164 is 0%. In contrast,
the light transmittance at the diffraction grating 165 can be
controlled by setting an interval between light-transmitting
portions such as slits, dots, or meshes to an interval of less
than or equal to the limit of resolution of light used for the
exposure. Note that a slit, dot, or mesh form with regular
intervals, or a slit, dot, or mesh form with irregular intervals
can be used for the diffraction grating 165.

As the light-transmitting substrate 163, a light-transmitting
substrate made of quartz or the like can be used. The light-
blocking portion 164 and the diffraction grating 165 can be
each formed of a light-blocking material by which light is
absorbed, such as chromium or chromium oxide.

Inthe case where the gray-tone mask 59a is irradiated with
exposure light, as shown in FIG. 8B, light transmittance 166
in the light-blocking portion 164 is 0% and the light trans-
mittance 166 in a region where the light-blocking portion 164
and the diffraction grating 165 are not provided is 100%.
Further, the light transmittance in the diffraction grating 165
can be controlled within the range of 10% to 70%. The light
transmittance in the diffraction grating 165 can be controlled
by adjusting the interval of slits, dots, or meshes of the dif-
fraction grating and the pitch thereof.

As shown in FIG. 8C, the half-tone mask 595 includes the
light-transmitting substrate 163 provided with a semi-light-
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transmitting portion 167 and a light-blocking portion 168. As
the semi-light-transmitting portion 167, MoSiN, MoSi,
MoSiO, MoSiON, CrSi, or the like can be used. The light-
blocking portion 168 can be formed of a light-blocking mate-
rial by which light is absorbed, such as chromium or chro-
mium oxide.

In the case where the half-tone mask 594 is irradiated with
exposure light, as shown in FIG. 8D, light transmittance 169
in the light-blocking portion 168 is 0% and the light trans-
mission 169 in a region where the light-blocking portion 168
and the semi-light-transmitting portion 167 are not provided
is 100%. Further, the light transmission in the semi-light-
transmitting portion 167 can be controlled within the range of
10% to 70%. The light transmittance in the semi-light-trans-
mitting portion 167 can be controlled by the material of the
semi-light-transmitting portion 167.

After the exposure to light using the multi-tone photomask,
development is carried out, whereby a resist mask 81 having
regions with different thicknesses can be formed as shown in
FIG. 9B.

Next, with the resist mask 81, the microcrystalline semi-
conductor film 53, the buffer layer 54, the semiconductor film
55 to which the impurity element imparting one conductivity
type is added, and the conductive films 65a to 65¢ are etched.
As aresult, amicrocrystalline semiconductor film 61, a buffer
layer 62, a semiconductor film 63 to which the impurity
element imparting one conductivity type is added, and con-
ductive films 854 to 85¢ as shown in FIG. 10A can be formed.
Note that FIG. 10A corresponds to a cross-sectional view
taken along a line A-B in FIG. 12A (although a resist mask 86
is not shown).

Next, the resist mask 81 is ashed. As a result, the area and
thickness of the resist mask are reduced. At this time, the
resist mask in a region with a small thickness (a region over-
lapping with part of the gate electrode 51) is removed to form
the resist mask 86 as shown in FIG. 10A.

Next, the conductive films 83a to 85¢ are etched to be
separated using the resist mask 86. As a result, pairs of source
and drain electrodes 92a to 92¢ can be formed as shown in
FIG. 10B. When the conductive films 854 to 85¢ are etched by
wet etching using the resist mask 86, the conductive films 854
to 85¢ are etched as selected. Since the conductive films are
isotropically etched, the source and drain electrodes 92a to
92¢ with a smaller area than the resist mask 86 can be formed.

Next, the semiconductor film 63 to which the impurity
element imparting one conductivity type is added is etched
using the resist mask 86 to form a pair of source and drain
regions 88. In the etching step, a part of the buffer layer 62 is
also etched. The buffer layer after being etched partially is
referred to as a buffer layer 87. The buffer layer 87 has a
recessed portion. The source and drain regions and the
recessed portion (groove) in the buffer layer can be formed by
the same step. Here, the buffer layer 87 is partially etched with
use of the resist mask 86 having a smaller area than the resist
mask 81, so that end portions of the buffer layer 87 are located
outside the source and drain regions 88. After that, the resist
mask 86 is removed. End portions of the source and drain
electrodes 924 to 92¢ are not aligned with those of the source
and drain regions 88, and the end portions of the source and
drain regions 88 are located outside those of the source and
drain electrodes 924 to 92¢.

Note that FIG. 10C corresponds to a cross-sectional view
taken along aline A-BinFI1G. 12B. As shown in FIG. 12B, the
end portions of the source and drain regions 88 are located
outside those of the source and drain electrodes 92¢. Further,
end portions of the buffer layer 87 are located outside those of
the source and drain electrodes 92¢ and those of the source
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and drain regions 88. Furthermore, one of the source and
drain electrodes surrounds the other of the source and drain
electrodes (specifically, the former electrode is in a U-shape
or a C-shape). Therefore, the area of a region where carriers
move can be increased; and thus the amount of current can be
increased, and the area of a thin film transistor can be reduced.
Further, roughness of the gate electrode has little influence
because the microcrystalline semiconductor film and the
source and drain electrodes overlap with each other over the
gate electrode, thereby suppressing reduction in coverage and
generation of leakage current. Note that either the source
electrode or the drain electrode also functions as a source
wiring or a drain wiring.

As shown in FIG. 10C, the end portions of the source and
drain electrodes 92a to 92¢ are not aligned with those of the
source and drain regions 88, and there is distance between the
end portions of the source and drain electrodes 92a to 92¢;
thus, leakage current or short circuit between the source and
drain electrodes can be prevented. In addition, since the end
portions of the source and drain electrodes 92a to 92¢ are not
aligned with those of the source and drain regions 88, an
electric field is not concentrated at the end portions of the
source and drain electrodes 92a to 92¢ and the source and
drain regions 88; thus, leakage current between the gate elec-
trode 51 and the source and drain electrodes 92a to 92¢ can be
prevented. Accordingly, a thin film transistor with high reli-
ability and high withstand voltage can be manufactured.

Through the above process, a thin film transistor 83 can be
formed. The thin film transistor can be formed using two
photomasks.

Next, as shown in FIG. 11A, an insulating film 76 is formed
over the source and drain electrodes 92a to 92¢, the source
and drain regions 88, the buffer layer 87, the microcrystalline
semiconductor film 90, and the gate insulating film 52¢. The
insulating film 76 can be formed by the same method as that
of the gate insulating films 524 to 52c.

Next, a contact hole is formed in the insulating film 76 by
partially etching the insulating film 76 using a resist mask
formed using a third photomask. Then, a pixel electrode 77
that is in contact with the source or drain electrode 92¢
through the contact hole is formed. In this embodiment mode,
the pixel electrode 77 is formed as follows: an indium tin
oxide film is formed by a sputtering method; a resistis applied
over the indium tin oxide film; the resist is exposed to light
and developed using a fourth photomask, thereby forming a
resist mask; and then, the indium tin oxide film is etched using
the resist mask. Note that FIG. 11B corresponds to a cross-
sectional view taken along a line A-B in FIG. 12C.

In this manner, an element substrate which can be used for
a display device can be formed using a multi-tone mask to
reduce the number of masks.

In addition, this embodiment mode can be combined with
any of Embodiment Modes 1 to 3 as appropriate.
(Embodiment Mode 5)

In this embodiment mode, a liquid crystal display device
including the thin film transistor described in Embodiment
Mode 1 will be described below as one mode of the display
device.

First, a vertical alignment (VA) liquid crystal display
device is described. The VA liquid crystal display device is a
kind of form in which alignment ofliquid crystal molecules of
a liquid crystal panel is controlled. The VA liquid crystal
display device is a form in which liquid crystal molecules are
vertical to a panel surface when voltage is not applied. In
particular, in this embodiment mode, it is devised that a pixel
is divided into several regions (sub-pixels) so that liquid crys-
tal molecules are aligned in a different direction in each
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region. This is referred to as domain multiplication or multi-
domain design. In the following description, a liquid crystal
display device with multi-domain design is described.

FIG. 14 and FIG. 15 show a pixel electrode and a counter
electrode, respectively. F1G. 14 is a plan view of a side of a
substrate on which the pixel electrode is formed. FIG. 13
shows a cross-sectional structure along a line A-B in FIG. 14.
FIG. 15 is a plan view of a side of a substrate on which the
counter electrode is formed. Hereinafter, description is made
with reference to these drawings.

FIG. 13 illustrates a state in which a substrate 600 provided
with a TFT 628, a pixel electrode 624 connected to the TFT
628, and a storage capacitor portion 630 overlaps with a
counter substrate 601 provided with a counter electrode 640
and the like, and liquid crystal is injected therebetween.

Atthe position where the counter substrate 601 is provided
with a spacer 642, a light-blocking film 632, a first color film
634, a second color film 636, a third color film 638, and the
counter electrode 640 are formed. With this structure, the
height of a projection 644 for controlling alignment of the
liquid crystal and the height of the spacer 642 vary. An align-
ment film 648 is formed over the pixel electrode 624. Simi-
larly, the counter electrode 640 is provided with an alignment
film 646. A liquid crystal layer 650 is formed between the
alignment films 646 and 648.

Although a columnar spacer is used for the spacer 642 in
this embodiment mode, bead spacers may also be dispersed.
Further, the spacer 642 may be formed over the pixel elec-
trode 624 provided over the substrate 600.

The TFT 628, the pixel electrode 624 connected to the TFT
628, and the storage capacitor portion 630 are formed over the
substrate 600. The pixel electrode 624 is connected to a wir-
ing 618 via a contact hole 623 which penetrates an insulating
film 620 which covers the TFT 628, the wiring 618, and the
storage capacitor portion 630 and also penetrates a third insu-
lating film 622 which covers the insulating film 620. The thin
film transistor described in Embodiment Mode 1 can be used
as the TFT 628 as appropriate. The storage capacitor portion
630 includes a first capacitor wiring 604 which is formed in a
similar manner to a gate wiring 602 of the TFT 628, a gate
insulating film 606, and a second capacitor wiring 617 which
is formed in a similar manner to a wiring 616 and the wiring
618.

A liquid crystal element is formed by overlapping of the
pixel electrode 624, the liquid crystal layer 650, and the
counter electrode 640.

FIG. 14 shows a structure over the substrate 600. The pixel
electrode 624 is formed using the material described in
Embodiment Mode 1. The pixel electrode 624 is provided
with a slit 625. The slit 625 is for controlling alignment of the
liquid crystal.

A TFT 629, a pixel electrode 626 connected to the TFT
629, and a storage capacitor portion 631 shown in FIG. 14 can
be formed in a similar manner to the TFT 628, the pixel
electrode 624, and the storage capacitor portion 630, respec-
tively. Both the TFT 628 and the TFT 629 are connected to the
wiring 616. A pixel of this liquid crystal panel includes the
pixel electrodes 624 and 626. Each of the pixel electrodes 624
and 626 is in a sub-pixel.

FIG. 15 shows a structure of the counter substrate side. The
counter electrode 640 is formed over the light-blocking film
632. The counter electrode 640 is preferably formed using a
material similar to that of the pixel electrode 624. The pro-
jection 644 for controlling alignment of the liquid crystal is
formed over the counter electrode 640. Moreover, the spacer
642 is formed corresponding to the position of the light-
blocking film 632.
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FIG. 16 shows an equivalent circuit of this pixel structure.
Both the TFT 628 and the TFT 629 are connected to the gate
wiring 602 and the wiring 616. In this case, when potentials of
the capacitor wiring 604 and a capacitor wiring 605 are dif-
ferent from each other, operations of liquid crystal elements
651 and 652 can vary. That is, alignment of the liquid crystal
is precisely controlled and a viewing angle is increased by
individual control of potentials of the capacitor wirings 604
and 605.

When voltage is applied to the pixel electrode 624 provided
with the slit 625, electric field distortion (an oblique electric
field) is generated near the slit 625. The slit 625 and the
projection 644 on the counter substrate 601 side are alter-
nately arranged in an engaging manner and thus, an oblique
electric field is effectively generated to control alignment of
the liquid crystal, so that a direction of alignment of the liquid
crystal varies depending on location. That is, a viewing angle
of'the liquid crystal panel is increased by domain multiplica-
tion.

Next, another VA liquid crystal display device, which is
different from the above-described device, is described with
reference to FIG. 17, FIG. 18, FIG. 19, and FIG. 20.

FIG. 17 and FIG. 18 each show a pixel structure of the VA
liquid crystal panel. FIG. 18 is a plan view of the substrate
600. FIG. 17 shows a cross-sectional structure along a line
Y-Z in FIG. 18. Hereinafter, description is made with refer-
ence to these drawings.

In this pixel structure, a plurality of pixel electrodes is
included in one pixel, and a TFT is connected to each pixel
electrode. Each TFT is driven by a different gate signal. That
is, a multi-domain pixel has a structure in which a signal
supplied to each pixel electrode is individually controlled.

Viaacontacthole 623, a pixel electrode 624 is connected to
a TFT 628 through a wiring 618. Via a contact hole 627, a
pixel electrode 626 is connected to a TFT 629 through a
wiring 619. A gate wiring 602 of the TFT 628 and a gate
wiring 603 ofthe TFT 629 are separated so that different gate
signals can be given thereto. In contrast, a wiring 616 func-
tioning as a data line is used in common for the TFTs 628 and
629. As each of the TFTs 628 and 629, the thin film transistor
described in Embodiment Mode 1 can be used as appropriate.

The pixel electrodes 624 and 626 have different shapes and
are separated by a slit 625. The pixel electrode 626 is formed
s0 as to surround the external side of the pixel electrode 624
which is spread in a V-shape. Timing of voltage application is
made to vary between the pixel electrodes 624 and 626 by the
TFTs 628 and 629 in order to control alignment of the liquid
crystal. FIG. 20 shows an equivalent circuit of this pixel
structure. The TFT 628 is connected to the gate wiring 602.
The TFT 629 is connected to the gate wiring 603. When
different gate signals are supplied to the gate wirings 602 and
603, operation timings of the TFTs 628 and 629 can vary.

A counter substrate 601 is provided with a light-blocking
film 632, a color film 636, and a counter electrode 640.
Moreover, a planarization film 637 is formed between the
color film 636 and the counter electrode 640 to prevent align-
ment disorder of the liquid crystal. FIG. 19 shows a structure
of the counter substrate side. A slit 641 is formed in the
counter electrode 640, which is used in common between
different pixels. The slit 641 and the slit 625 on the pixel
electrodes 624 and 626 side are alternately arranged in an
engaging manner; thus, an oblique electric field is effectively
generated, and alignment of the liquid crystal can be con-
trolled. Accordingly, a direction in which the liquid crystal is
aligned can vary depending on location, and a viewing angle
is increased.
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A first liquid crystal element is formed by overlapping of
the pixel electrode 624, a liquid crystal layer 650, and the
counter electrode 640. A second liquid crystal element is
formed by overlapping of the pixel electrode 626, the liquid
crystal layer 650, and the counter electrode 640. This is a
multi-domain structure in which the first liquid crystal ele-
ment and the second liquid crystal element are included in one
pixel.

Next, a horizontal electric field liquid crystal display
device is described. The horizontal electric field mode is a
method in which an electric field is horizontally applied to
liquid crystal molecules in a cell, whereby the liquid crystal is
driven to express a gray scale. By this method, a viewing
angle can be increased to approximately 180 degrees. Here-
inafter, a liquid crystal display device employing the horizon-
tal electric field mode is described.

FIG. 21 illustrates a state in which a substrate 600 provided
witha TFT 628 and a first pixel electrode 624 connected to the
TFT 628 overlaps with a counter substrate 601, and liquid
crystal is injected therebetween. The counter substrate 601 is
provided with a light-blocking film 632, a color film 636, a
planarization film 637, and the like. The first pixel electrode
624 is provided on the substrate 600 side, and it is not pro-
vided on the counter substrate 601 side. A liquid crystal layer
650 is formed between the substrate 600 and the counter
substrate 601.

A second pixel electrode 607, a capacitor wiring 604 con-
nected to the second pixel electrode 607, and the TFT 628
described in Embodiment Mode 1 are formed over the sub-
strate 600. The second pixel electrode 607 can be formed
using a material similar to that of the pixel electrode 77
described in Embodiment Mode 1. The second pixel elec-
trode 607 is formed in a shape which is compartmentalized
roughly in a pixel shape. Note that a gate insulating film 606
is formed over the second pixel electrode 607 and the capaci-
tor wiring 604.

Wirings 616 and 618 of the TFT 628 are formed over the
gate insulating film 606. The wiring 616 serves as a data line
extending in one direction, through which a video signal is
transmitted in a liquid crystal panel, and is connected to a
source region and serves as one of a source electrode and a
drain electrode. The wiring 618 serves as the other of the
source electrode and the drain electrode, and is connected to
the second pixel electrode 624.

An insulating film 620 is formed over the wirings 616 and
618. Over the insulating film 620, the first pixel electrode 624
connected to the wiring 618 via a contact hole formed in the
insulating film 620 is formed. The first pixel electrode 624 is
formed using a material similar to that of the pixel electrode
77 described in Embodiment Mode 1.

In such a manner, the TFT 628 and the first pixel electrode
624 connected to the TFT 628 are formed over the substrate
600. Note that a storage capacitor is formed between the first
pixel electrode 624 and the second pixel electrode 607.

FIG. 22 is a plan view illustrating a structure of the pixel
electrode. The pixel first electrode 624 is provided with a slit
625. The slit 625 is for controlling alignment of the liquid
crystal. In this case, an electric field is generated between the
first pixel electrode 624 and the second pixel electrode 607.
The thickness of the gate insulating film 606 formed between
the first pixel electrode 624 and the second pixel electrode
607 is 50 nm to 200 nm, which is thin enough compared to the
liquid crystal layer with a thickness of 2 pm to 10 pm. Accord-
ingly, an electric field is generated substantially in parallel (in
a horizontal direction) to the substrate 600. Alignment of the
liquid crystal is controlled by the electric field. The liquid
crystal molecules are horizontally rotated using the electric
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field which is approximately parallel to the substrate. In this
case, since the liquid crystal molecules are parallel to the
substrate in any state, contrast or the like is less affected by
change in angle of viewing, and a viewing angle is increased.
Further, since both the first pixel electrode 624 and the second
pixel electrode 607 are light-transmitting electrodes, an aper-
ture ratio can be increased.

Next, another example of a horizontal electric field liquid
crystal display device is described.

FIG. 23 and FIG. 24 each show a pixel structure of an
in-plane switching (IPS) liquid crystal display device. FIG.
24 is a plan view. FIG. 23 shows a cross-sectional structure
along a line A-B in FIG. 24. Hereinafter, description is made
with reference to these drawings.

FIG. 23 illustrates a state in which a substrate 600 provided
with a TFT 628 and a pixel electrode 624 connected to the
TFT 628 overlaps with a counter substrate 601, and liquid
crystal is injected therebetween. The counter substrate 601 is
provided with a light-blocking film 632, a color film 636, a
planarization film 637, and the like. The pixel electrode 624 is
provided on the substrate 600 side, and it is not provided on
the counter substrate 601 side. A liquid crystal layer 650 is
formed between the substrate 600 and the counter substrate
601.

A common potential line 609 and the TFT 628 described in
Embodiment Mode 1 are formed over the substrate 600. The
common potential line 609 can be formed at the same time as
a gate wiring 602 of the TFT 628. The pixel electrode 624 is
formed in a shape which is compartmentalized roughly in a
pixel shape.

Wirings 616 and 618 of the TFT 628 are formed over a gate
insulating film 606. The wiring 616 serves as a data line
extending in one direction, through which a video signal is
transmitted in a liquid crystal panel, and is connected to the
source region and serves as one of a source electrode and a
drain electrode. The wiring 618 serves as the other of the
source electrode and the drain electrode, and is connected to
the pixel electrode 624.

An insulating film 620 is formed over the wirings 616 and
618. Over the insulating film 620, the pixel electrode 624
connected to the wiring 618 via a contact hole 623 formed in
the insulating film 620 is formed. The pixel electrode 624 is
formed using a material similar to that of the pixel electrode
77 described in Embodiment Mode 1. Note that as shown in
FIG. 24, the pixel electrode 624 is formed so as to generate a
horizontal electric field with a comb-shaped electrode which
is formed at the same time as the common potential line 609.
Moreover, the pixel electrode 624 is formed so that comb-
teeth portions of the pixel electrode 624 are alternately
engaged with the comb-shaped electrode which is formed at
the same time as the common potential line 609.

Alignment of the liquid crystal is controlled by an electric
field generated between a potential applied to the pixel elec-
trode 624 and a potential of the common potential line 609.
The liquid crystal molecules are horizontally rotated using
the electric field which is approximately parallel to the sub-
strate. In this case, since the liquid crystal molecules are
parallel to the substrate in any state, contrast or the like is less
affected by change in angle of viewing, and a viewing angle
is increased.

In such a manner, the TFT 628 and the pixel electrode 624
connected to the TFT 628 are formed over the substrate 600.
A storage capacitor is formed by the common potential line
609, a capacitor electrode 615, and the gate insulating film
606 provided therebetween. The capacitor electrode 615 and
the pixel electrode 624 are connected via a contact hole 633.



US 9,054,206 B2

31

Next, a mode of a TN liquid crystal display device is
described.

FIG. 25 and FIG. 26 each show a pixel structure of a TN
liquid crystal display device. FIG. 26 is a plan view. FIG. 25
shows a cross-sectional structure along a line A-B in FIG. 26.
Hereinafter, description is made with reference to these draw-
ings.

A pixel electrode 624 is connected to a TFT 628 by a wiring
618 via a contact hole 623. A wiring 616 functioning as a data
line is connected to the TFT 628. As the TFT 628, any of the
TFTs described in Embodiment Mode 1 can be used.

The pixel electrode 624 is formed using a material similar
to that of the pixel electrode 77 described in Embodiment
Mode 1.

A counter substrate 601 is provided with the light-blocking
film 632, a color film 636, and a counter electrode 640. A
planarization film 637 is formed between the color film 636
and the counter electrode 640 to prevent alignment disorder
ofliquid crystal. A liquid crystal layer 650 is formed between
the pixel electrode 624 and the counter electrode 640.

A liquid crystal element is formed by overlapping of the
pixel electrode 624, the liquid crystal layer 650, and the
counter electrode 640.

A substrate 600 or the counter substrate 601 may be pro-
vided with a color filter, a blocking film (a black matrix) for
preventing disclination, or the like. Further, a polarizing plate
is attached to a surface of the substrate 600, which is opposite
to a surface on which the thin film transistor is formed. More-
over, a polarizing plate is attached to a surface of the counter
substrate 601, which is opposite to a surface on which the
counter electrode 640 is formed.

The counter electrode 640 can be formed using a material
similar to that of the pixel electrode 624. The liquid crystal
element is formed by overlapping of the pixel electrode 624,
the liquid crystal layer 650, and the counter electrode 640.

Through the above-described steps, the liquid crystal dis-
play device can be formed. Since a thin film transistor with
small off current, high electric characteristics, and high reli-
ability is used in the liquid crystal display device of this
embodiment mode, the liquid crystal display device has high
contrast and high visibility.

(Embodiment Mode 6)

In this Embodiment Mode, a light-emitting device which is
one mode of the display device will be described with refer-
ence to FIGS. 9A and 9B, FIGS. 10A to 10C, FIGS. 11A and
11B, FIGS. 27A and 27B, and FIGS. 28A to 28C. A light-
emitting device, in which a light-emitting element utilizing
electroluminescence is used, is described here. Light-emit-
ting elements utilizing electroluminescence are classified
according to whether a light-emitting material is an organic
compound or an inorganic compound. In general, the former
is referred to as organic EL elements and the latter as inor-
ganic EL elements.

In an organic EL element, by application of voltage to a
light-emitting element, electrons and holes are separately
injected from a pair of electrodes into a layer containing a
light-emitting organic compound, and current flows. Then,
recombination of these carriers (the electrons and holes)
causes the light-emitting organic compound to be in an
excited state and to emit light when it returns from the excited
state to a ground state. Due to such a mechanism, such a
light-emitting element is referred to as a current-excitation
light-emitting element.

Inorganic EL elements are classified into a dispersion type
inorganic EL element and a thin-film type inorganic EL ele-
ment, depending on their element structures. A dispersion
type inorganic EL element has a light-emitting layer where
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particles of a light-emitting material are dispersed in a binder,
and its light emission mechanism is donor-acceptor recom-
bination type light emission that utilizes a donor level and an
acceptor level. A thin-film type inorganic EL. element has a
structure in which a light-emitting layer is sandwiched
between dielectric layers, which are further sandwiched
between electrodes, and its light emission mechanism is
localized type light emission that utilizes inner-shell electron
transition of metal ions. Note that description is made here
using an organic EL element as a light-emitting element. In
addition, description is made using the thin film transistor
described in Embodiment Mode 1 as a thin film transistor
which controls driving of a light-emitting element. In a light-
emitting device in which the thin film transistor obtained
according to Embodiment Mode 1 is used, variation in thresh-
old voltage of the thin film transistor can be suppressed and
reliability can be improved. In particular, the thin film tran-
sistor which is used in the light-emitting device is driven by
direct current. Thus, the thin film transistor described in
Embodiment Mode 1 having a gate insulating film with a
three-layer structure in which a silicon nitride film is formed
as a first layer, a silicon oxynitride film is formed as a second
layer, and a silicon nitride film is formed as a third layer can
suppress a drift of the threshold voltage mainly owing to the
silicon oxyntiride film in the second layer.

Through the process of FIGS. 9A and 9B, FIGS. 10A to
10C, and FIGS. 11A and 11B, as shown in FIGS. 27A and
27B, a thin film transistor 83 is formed over a substrate 50,
and an insulating film 87 functioning as a protective film is
formed over the thin film transistor 83. A thin film transistor
84 is formed for a driver circuit 12. The thin film transistor 84
can be formed in the same manufacturing process as the thin
film transistor 83 in a pixel portion 11. Next, a planarization
film 93 is formed over the insulating film 87, and a pixel
electrode 94 connected to a source or drain electrode of the
thin film transistor 83 is formed over the planarization film 93.

It is preferable that the planarization film 93 be formed
using an organic resin such as acrylic, polyimide, or polya-
mide, or using siloxane.

In FIG. 27 A, the thin film transistor in the pixel portion 11
is an n-type transistor; thus, it is desired that the pixel elec-
trode 94 be a cathode. In contrast, when the thin film transistor
is a p-type transistor, it is desired that the pixel electrode 94 be
an anode. Specifically, as a cathode, a known material with a
low work function, such as calcium, aluminum, calcium fluo-
ride, a magnesium-silver alloy, or a lithium-aluminum alloy,
can be used.

Next, as shown in FIG. 27B, a partition 91 is formed over
the planarization film 93 and an end portion of the pixel
electrode 94. The partition 91 has an opening, through which
the pixel electrode 94 is exposed. The partition 91 is formed
using an organic resin film, an inorganic insulating film, or
organic polysiloxane. It is particularly preferable that the
partition be formed using a photosensitive material to have an
opening over the pixel electrode so that a sidewall of the
opening is formed as a tilted surface with continuous curva-
ture.

Next, a light-emitting layer 95 is formed in contact with the
pixel electrode 94 in the opening of the partition 91. The
light-emitting layer 95 may be formed using either a single
layer or a stacked layer of a plurality of layers.

Then, a common electrode 96 serving as an anode is
formed to cover the light-emitting layer 95. The common
electrode 96 can be formed of a light-transmitting conductive
film using any of the light-transmitting conductive materials
listed in Embodiment Mode 1 for the pixel electrode 77. As
the common electrode 96, a titanium nitride film or a titanium
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film may be used in addition to the above-mentioned light-
transmitting conductive films. In FIG. 27B, indium tin oxide
is used for the common electrode 96. In the opening of the
partition 91, a light-emitting element 98 is formed by over-
lapping of the pixel electrode 94, the light-emitting layer 95,
and the common electrode 96. After that, it is preferable that
a protective film 97 be formed over the common electrode 96
and the partition 91 so that oxygen, hydrogen, moisture,
carbon dioxide, or the like does not enter the light-emitting
element 98. As the protective film 97, a silicon nitride film, a
silicon nitride oxide film, a DLC film, or the like can be
formed.

Furthermore, practically, after the steps to the step of FIG.
27B are completed, it is preferable that packaging (sealing) be
performed using a protective film (a laminated film, an ultra-
violet curable resin film, or the like), or a cover material
having high airtightness and causing less degasification, in
order to prevent further exposure to external air.

Next, structures of light-emitting elements are described
with reference to FIGS. 28A to 28C. Here, the case where a
driving TFT is of n-type is given as an example, and cross-
sectional structures of pixels are described.

In a light-emitting element, it is acceptable as long as at
least one of an anode and a cathode is transparent in order to
extract light emission. There are light-emitting elements hav-
ing the following structures: a top emission structure in which
a thin film transistor and a light-emitting element are formed
over a substrate and light is extracted from a side opposite to
the substrate; a bottom emission structure in which light is
extracted from the substrate side; and a dual emission struc-
ture in which light is extracted from both the substrate side
and the side opposite to the substrate. The pixel structure of
the present invention can be applied to a light-emitting ele-
ment with any of the emission structures.

A light-emitting element having a top emission structure is
described with reference to FIG. 28A.

FIG. 28A is a cross-sectional view of a pixel in the case
where a driving TFT 7001 is of n-type and light is emitted
from a light-emitting element 7002 to an anode 7005 side. In
FIG. 28A, a cathode 7003 of the light-emitting element 7002
is electrically connected to the driving TFT 7001, and a light-
emitting layer 7004 and the anode 7005 are sequentially
stacked over the cathode 7003. The cathode 7003 can be
formed using any known conductive material as long as it has
a low work function and reflects light. For example, calcium,
aluminum, calcium fluoride, a magnesium-silver alloy, a
lithium-aluminum alloy, or the like is preferable. The light-
emitting layer 7004 may be formed using either a single layer
or a stacked layer of a plurality of layers. In the case of using
a plurality of layers, an electron injection layer, an electron
transport layer, a light-emitting layer, a hole transport layer,
and a hole injection layer are stacked in this order over the
cathode 7003. Note that all of these layers do not always need
to be provided. The anode 7005 is formed using a light-
transmitting conductive material that transmits light, and for
example, a light-transmitting conductive film of indium oxide
containing tungsten oxide, indium zinc oxide containing
tungsten oxide, indium oxide containing titanium oxide,
indium tin oxide containing titanium oxide, indium tin oxide,
indium zinc oxide, indium tin oxide to which silicon oxide is
added, or the like may be used.

A region where the light-emitting layer 7004 is sand-
wiched between the cathode 7003 and the anode 7005 corre-
sponds to the light-emitting element 7002. In the case of the
pixel shown in FIG. 28A, light is emitted from the light-
emitting element 7002 to the anode 7005 side as indicated by
an outlined arrow.
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Next, a light-emitting element having a bottom emission
structure is described with reference to FIG. 28B. FIG. 28B is
a cross-sectional view of a pixel in the case where a driving
TFT 7011 is of n-type and light is emitted from a light-
emitting element 7012 to a cathode 7013 side. In FIG. 28B,
the cathode 7013 ofthe light-emitting element 7012 is formed
over a light-transmitting conductive material 7017 which is
electrically connected to the driving TFT 7011, and a light-
emitting layer 7014 and an anode 7015 are sequentially
stacked over the cathode 7013. Note that, in the case where
the anode 7015 has a light-transmitting property, a blocking
film for reflecting or blocking light may be formed to cover
the anode. As in FIG. 28A, the cathode 7013 can be formed
using any known conductive material as long as it has a low
work function. Note that the thickness of the cathode 7013 is
set such that light is transmitted therethrough (preferably,
about 5 nm to 30 nm). For example, an Al film with a thick-
ness of 20 nm can be used as the cathode 7013. As in FIG.
28A, the light-emitting layer 7014 may be formed using
either a single layer or a stacked layer of a plurality of layers.
Although the anode 7015 does not need to be able to transmit
light, as in FIG. 28A, it can be formed using a light-transmit-
ting conductive material. The blocking film can be formed
using, for example, a metal which reflects light, or the like;
however, the blocking film is not limited to a metal film. For
example, a resin to which black colorant is added can also be
used.

A region where the light-emitting layer 7014 is sand-
wiched between the cathode 7013 and the anode 7015 corre-
sponds to the light-emitting element 7012. In the case of the
pixel shown in FIG. 28B, light is emitted from the light-
emitting element 7012 to the cathode 7013 side as indicated
by an outlined arrow.

Next, a light-emitting element having a dual emission
structure is described with reference to FIG. 28C. In FIG.
28C, a cathode 7023 of a light-emitting element 7022 is
formed over a light-transmitting conductive material 7027
which is electrically connected to a driving TFT 7021, and a
light-emitting layer 7024 and an anode 7025 are sequentially
stacked over the cathode 7023. As in FIG. 28A, the cathode
7023 can be formed using any known conductive material as
long as it has a low work function. Note that the thickness of
the cathode 7023 is set such that light is transmitted there-
through. For example, an Al film with a thickness of 20 nm
can be used as the cathode 7023. As in FIG. 28A, the light-
emitting layer 7024 may be formed using either a single layer
or a stacked layer of a plurality of layers. As in FIG. 28A, the
anode 7025 can be formed using a light-transmitting conduc-
tive material which transmits light.

A region where the cathode 7023, the light-emitting layer
7024, and the anode 7025 overlap with each other corre-
sponds to the light-emitting element 7022. In the case of the
pixel shown in FIG. 28C, light is emitted from the light-
emitting element 7022 to both the anode 7025 side and the
cathode 7023 side as indicated by outlined arrows.

Note that, although an organic EL. element is described
here as a light-emitting element, an inorganic EL element can
also be provided as a light-emitting element.

Note that, in this embodiment mode, the example is
described in which a thin film transistor (a driving TFT)
which controls the driving of a light-emitting element is elec-
trically connected to the light-emitting element, but a struc-
ture may be employed in which a TFT for current control is
connected between the driving TFT and the light-emitting
element.

Note that the light-emitting device described in this
embodiment mode is not limited to the structures shown in
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FIGS. 28A to 28C and can be modified in various ways based
on the technical idea of the present invention.

Through the above-described process, a light-emitting
device can be manufactured. Since a thin film transistor with
small off current, high electric characteristics, and high reli-
ability is used in the light-emitting device of this embodiment
mode, the light-emitting device has high contrast and high
visibility.

(Embodiment Mode 7)

A structure of a display panel, which is one mode of the
display device of the present invention, will be described
below.

FIG. 29A shows amode of a display panel in which a signal
line driver circuit 6013 which is separately formed is con-
nected to a pixel portion 6012 formed over a substrate 6011.
The pixel portion 6012 and a scanning line driver circuit 6014
are each formed using a thin film transistor in which a micro-
crystalline semiconductor film is used. When the signal line
driver circuit is formed using a transistor in which higher
mobility can be obtained compared to the thin film transistor
using the microcrystalline semiconductor film, an operation
of' the signal line driver circuit which demands a higher driv-
ing frequency than that of the scanning line driver circuit can
be stabilized. Note that the signal line driver circuit 6013 may
be formed using a transistor using a single crystalline semi-
conductor, a thin film transistor using a polycrystalline semi-
conductor, or a transistor using SOI. The pixel portion 6012,
the signal line driver circuit 6013, and the scanning line driver
circuit 6014 are each supplied with a potential of a power
source, a variety of signals, and the like via an FPC 6015.

Note that both the signal line driver circuit and the scanning
line driver circuit may be formed over the same substrate as
that of the pixel portion.

When a driver circuit is separately formed, a substrate over
which the driver circuit is formed is not necessarily attached
to a substrate over which a pixel portion is formed, and may
be attached to an FPC, for example. FIG. 29B shows a mode
of a liquid crystal display panel in which a signal line driver
circuit 6023 which is separately formed is connected to a
pixel portion 6022 and a scanning line driver circuit 6024
formed over a substrate 6021. The pixel portion 6022 and the
scanning line driver circuit 6024 are each formed using a thin
film transistor in which a microcrystalline semiconductor
film is used. The signal line driver circuit 6023 is connected to
the pixel portion 6022 via an FPC 6025. The pixel portion
6022, the signal line driver circuit 6023, and the scanning line
driver circuit 6024 are each supplied with a potential of a
power source, a variety of signals, and the like via the FPC
6025.

Alternatively, only part of a signal line driver circuit or part
of'a scanning line driver circuit may be formed over the same
substrate as that of a pixel portion by using a thin film tran-
sistor which uses a microcrystalline semiconductor film, and
the other part of the driver circuit may be separately formed
and electrically connected to the pixel portion. FIG. 29C
shows a mode of a liquid crystal display panel in which an
analog switch 6033a¢ which is part of a signal line driver
circuit is formed over a substrate 6031, which is the same
substrate as that of a pixel portion 6032 and a scanning line
driver circuit 6034, and a shift register 60335 which is part of
the signal line driver circuit is separately formed over a dif-
ferent substrate and attached to the substrate 6031. The pixel
portion 6032 and the scanning line driver circuit 6034 are
each formed using a thin film transistor in which a microc-
rystalline semiconductor film is used. The shift register 60335
which is part of the signal line driver circuit is connected to
the pixel portion 6032 via an FPC 6035. The pixel portion
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6032, the signal line driver circuit, and the scanning line
driver circuit 6034 are each supplied with a potential of a
power source, a variety of signals, and the like via the FPC
6035.

As shown in FIGS. 29A to 29C, in a liquid crystal display
device of the present invention, all or a part of the driver
circuit can be formed over the same substrate as that of the
pixel portion, using the thin film transistor in which the
microcrystalline semiconductor film is used.

Note that a connection method of a substrate which is
separately formed is not particularly limited, and a known
method such as a COG method, a wire bonding method, or a
TAB method can be used. Further, a connection position is not
limited to the positions shown in FIGS. 29A to 29C as long as
electrical connection is possible. Moreover, a controller, a
CPU, a memory, or the like may be formed separately and
connected.

Note that a signal line driver circuit used in the present
invention is not limited to a structure including only a shift
register and an analog switch. In addition to the shift register
and the analog switch, another circuit such as a buffer, a level
shifter, or a source follower may be included. Moreover, the
shift register and the analog switch are not necessarily pro-
vided. For example, a different circuit such as a decoder
circuit by which a signal line can be selected may be used
instead of the shift register, or a latch or the like may be used
instead of the analog switch.

FIG. 32 is ablock diagram ofa liquid crystal display device
of'the present invention. The display device shown in FIG. 32
includes a pixel portion 701 including a plurality of pixels
each provided with a display element, a scanning line driver
circuit 702 which selects each pixel, and a signal line driver
circuit 703 which controls input of a video signal to a selected
pixel.

InFIG. 32, the signal line driver circuit 703 includes a shift
register 704 and an analog switch 705. A clock signal (CLK)
and a start pulse signal (SP) are input to the shift register 704.
When the clock signal (CLK) and the start pulse signal (SP)
are input, a timing signal is generated in the shift register 704
and input to the analog switch 705.

A video signal is supplied to the analog switch 705. The
analog switch 705 samples the video signal in accordance
with the timing signal that is input and supplies the resulting
signal to a signal line of the next stage.

Next, a structure of the scanning line driver circuit 702 is
described. The scanning line driver circuit 702 includes a shift
register 706 and a buffer 707. The scanning line driver circuit
702 may also include a level shifter in some cases. In the
scanning line driver circuit 702, when the clock signal (CLK)
and the start pulse signal (SP) are input to the shift register
706, a selection signal is generated. The generated selection
signal is buffered and amplified by the buffer 707, and the
resulting signal is supplied to a corresponding scanning line.
Gates of transistors in pixels of one line are connected to the
scanning line. Further, since the transistors in the pixels of one
line have to be turned on at the same time, a buffer through
which large current can flow is used as the buffer 707.

In a full color liquid crystal display device, when video
signals corresponding to R (red), G (green), and B (blue) are
sequentially sampled and supplied to a corresponding signal
line, the number of terminals for connecting the shift register
704 and the analog switch 705 corresponds to approximately
V5 of the number of terminals for connecting the analog
switch 705 and the signal line in the pixel portion 701.
Accordingly, when the analog switch 705 and the pixel por-
tion 701 are formed over the same substrate, the number of
terminals used for connecting a substrate which is separately
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formed can be suppressed compared to the case where the
analog switch 705 and the pixel portion 701 are formed over
different substrates; thus, occurrence probability of bad con-
nection can be suppressed, and the yield can be increased.

Note that although the scanning line driver circuit 702
shown in FIG. 32 includes the shift register 706 and the buffer
707, the scanning line driver circuit 702 may be formed using
only the shift register 706.

Note that structures of the signal line driver circuit and the
scanning line driver circuit are not limited to the structures
shown in FIG. 32, which are merely one mode of the display
device of the present invention. In a liquid crystal display
device including the circuit as shown in FIG. 32 having a
transistor using a microcrystalline semiconductor, the circuit
can be operated at high speed. For example, mobility of a
transistor using a microcrystalline semiconductor film is
higher than that of a transistor using an amorphous semicon-
ductor film; thus, a driving frequency of a driver circuit (e.g.,
the shift register 706 in the scanning line driver circuit 702)
can be increased. Since the scanning line driver circuit 702
can be operated at high speed, a frame frequency can be
increased or black frame insertion can be realized, for
example.

When the frame frequency is increased, data for a screen is
preferably generated in accordance with a direction of move-
ment of an image. That is, motion compensation is preferably
performed to interpolate data. When the frame frequency is
increased and image data is interpolated in such a manner,
display characteristics of moving images are improved, and
smooth display can be performed. For example, when a frame
frequency is twice (e.g., 120 Hz or 100 Hz) or more, and
preferably four times (e.g., 480 Hz or 400 Hz) or more,
blurring and afterimages of moving images can be reduced. In
this case, the driving frequency of the scanning line driver
circuit 702 is also increased to be operated; thus, the frame
frequency can be increased.

When black frame insertion is performed, image data or
data for black display is supplied to the pixel portion 701.
Thus, such a display mode is closer to impulse driving, and
afterimages can be reduced. In this case, the driving fre-
quency of the scanning line driver circuit 702 is also increased
to be operated, and thus, black frame insertion can be per-
formed.

In addition, when the channel width of the thin film tran-
sistor in the scanning line driver circuit 702 is increased or a
plurality of scanning line driver circuits is provided, for
example, a higher frame frequency can be realized. For
example, a frame frequency can be eight times (e.g., 960 Hz
or 800 Hz) or more. When a plurality of scanning line driver
circuits is provided, a scanning line driver circuit for driving
even-numbered scanning lines is provided on one side and a
scanning line driver circuit for driving odd-numbered scan-
ning lines is provided on the opposite side; thus, increase in
frame frequency can be realized.

When the circuit as shown in FIG. 32 includes a thin film
transistor in which a microcrystalline semiconductor is used,
the layout area can be reduced. Accordingly, a frame of the
liquid crystal display device which is one example of the
display device can be reduced. For example, mobility of the
thin film transistor in which a microcrystalline semiconductor
film is used is higher than that of a thin film transistor in which
an amorphous semiconductor film is used; thus, the channel
width of the thin film transistor can be reduced. As a result, a
frame of the liquid crystal display device can be narrowed.

The thin film transistor in which a microcrystalline semi-
conductor film is used is harder to deteriorate than a thin film
transistor in which an amorphous semiconductor film is used.
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Accordingly, when the microcrystalline semiconductor film
is used, the channel width of the thin film transistor can be
reduced. Alternatively, the thin transistor can be normally
operated without any circuit for compensation for deteriora-
tion. Accordingly, the layout area of a thin transistor for one
pixel can be reduced.

(Embodiment Mode 8)

Next, the appearance and a cross section of a liquid crystal
display panel which is one mode of the display device of the
present invention will be described with reference to FIGS.
33A and 33B. FIG. 33A is a top view of a panel. In the panel,
a thin film transistor 4010 in which a microcrystalline semi-
conductor film is used and a liquid crystal element 4013
which are formed over a first substrate 4001 are sealed
between the first substrate 4001 and a second substrate 4006
by a sealing material 4005. FIG. 33B is a cross-sectional view
along a line A-A' in FIG. 33A.

The sealing material 4005 is provided so as to surround a
pixel portion 4002 and a scanning line driver circuit 4004
which are provided over the first substrate 4001. The second
substrate 4006 is provided over the pixel portion 4002 and the
scanning line driver circuit 4004. Accordingly, the pixel por-
tion 4002 and the scanning line driver circuit 4004 are sealed
together with liquid crystal 4008 by the first substrate 4001,
the sealing material 4005, and the second substrate 4006.
Further, a signal line driver circuit 4003 formed using a poly-
crystalline semiconductor film over a different substrate is
mounted on a region over the first substrate 4001, which is
different from the region surrounded by the sealing material
4005. Note that in this embodiment mode, an example is
described in which the signal line driver circuit including a
thin film transistor using a polycrystalline semiconductor film
is attached to the first substrate 4001; however, a signal line
driver circuit may be formed using a transistor using a single
crystalline semiconductor and attached to a substrate. FIGS.
33A and 33B illustrate a thin film transistor 4009 formed
using a polycrystalline semiconductor film, which is included
in the signal line driver circuit 4003.

Each of the pixel portion 4002 and the scanning line driver
circuit 4004 which are provided over the first substrate 4001
includes a plurality of thin film transistors. FIG. 33B illus-
trates the thin film transistor 4010 included in the pixel por-
tion 4002. The thin film transistor 4010 corresponds to a thin
film transistor in which a microcrystalline semiconductor
film is used.

A pixel electrode 4030 included in the liquid crystal ele-
ment 4013 is electrically connected the thin film transistor
4010 through a wiring 4040. A counter electrode 4031 of the
liquid crystal element 4013 is formed on the second substrate
4006. A portion where the pixel electrode 4030, the counter
electrode 4031, and the liquid crystal 4008 overlap with each
other corresponds to the liquid crystal element 4013.

Note that for each of the first substrate 4001 and the second
substrate 4006, glass, a metal (typically, stainless steel),
ceramics, or plastics can be used. As plastics, a fiberglass-
reinforced plastics (FRP) plate, a polyvinyl fluoride (PVF)
film, a polyester film, or an acrylic resin film can be used.
Moreover, a sheet in which aluminum foil is interposed by a
PVF film or a polyester film can also be used.

A spherical spacer 4035 is provided to control a distance (a
cell gap) between the pixel electrode 4030 and the counter
electrode 4031. Note that a spacer obtained by selective etch-
ing of an insulating film may be used.

A variety of signals and a potential supplied to the sepa-
rately formed signal line driver circuit 4003, the scanning line
driver circuit 4004, and the pixel portion 4002 are supplied
from an FPC 4018 through lead wirings 4014 and 4015.
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In this embodiment mode, a connection terminal 4016 is
formed using the same conductive film as the pixel electrode
4030 included in the liquid crystal element 4013. Further, the
lead wirings 4014 and 4015 are formed using the same con-
ductive film as the wiring 4040.

The connection terminal 4016 is electrically connected to a
terminal included in the FPC 4018 through an anisotropic
conductive film 4019.

Note that although not shown, a liquid crystal display
device shown in this embodiment mode includes an align-
ment film and a polarizing plate, and may also include a color
filter or a blocking film.

FIGS. 33A and 33B illustrate an example in which the
signal line driver circuit 4003 is separately formed and
attached to the first substrate 4001; however, this embodiment
mode is not limited to this structure. A scanning line driver
circuit may be separately formed and attached to a substrate,
or only part of a signal line driver circuit or part of a scanning
line driver circuit may be separately formed and attached to a
substrate.

This embodiment mode can be implemented in combina-
tion with any of the structures described in other embodiment
modes.

(Embodiment Mode 9)

Next, the appearance and a cross section ofa light-emitting
display panel which is one mode of the display device of the
present invention will be described with reference to FIGS.
34A and 34B. FIG. 34 A is a top view of a panel. In the panel,
athin film transistor in which a microcrystalline semiconduc-
tor film is used and a light-emitting element which are formed
over a first substrate are sealed between the first substrate and
a second substrate by a sealing material. FIG. 34B is a cross-
sectional view along a line A-A' in FIG. 34A.

The sealing material 4005 is provided so as to surround a
pixel portion 4002 and a scanning line driver circuit 4004
which are provided over the first substrate 4001. The second
substrate 4006 is provided over the pixel portion 4002 and the
scanning line driver circuit 4004. Accordingly, the pixel por-
tion 4002 and the scanning line driver circuit 4004 are sealed
together with a filler 4007 by the first substrate 4001, the
sealing material 4005, and the second substrate 4006. Further,
a signal line driver circuit 4003 formed using a polycrystal-
line semiconductor film over a different substrate is mounted
on a region over the first substrate 4001, which is different
from the region surrounded by the sealing material 4005.
Note that in this embodiment mode, an example is described
in which the signal line driver circuit including a thin film
transistor using a polycrystalline semiconductor film is
attached to the first substrate 4001; however, a signal line
driver circuit may be formed using a transistor using a single
crystalline semiconductor and attached to a substrate. FIG.
34B illustrates a thin film transistor 4009 formed using a
polycrystalline semiconductor film, which is included in the
signal line driver circuit 4003.

Each of the pixel portion 4002 and the scanning line driver
circuit 4004 which are provided over the first substrate 4001
includes a plurality of thin film transistors. FIG. 34B illus-
trates the thin film transistor 4010 included in the pixel por-
tion 4002. Note that in this embodiment mode, description is
made on the assumption that the thin film transistor 4010 is a
driving TFT; however, the thin film transistor 4010 may be a
TFT for current control or a TFT for erasing. The thin film
transistor 4010 corresponds to a thin film transistor in which
a microcrystalline semiconductor film is used.

Reference numeral 4011 denotes a light-emitting element.
A pixel electrode 4017 included in the light-emitting element
4011 is electrically connected to a source or drain electrode of
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the thin film transistor 4010 through a wiring 4020. Moreover,
in this embodiment mode, a light-transmitting conductive
film 4012 and a common electrode of the light-emitting ele-
ment 4011 are electrically connected to each other. Note that
a structure of the light-emitting element 4011 is not limited to
that described in this embodiment mode. The structure of the
light-emitting element 4011 can be changed as appropriate
depending on a direction in which light is extracted from the
light-emitting element 4011, the polarity of the thin film
transistor 4010, or the like.

Although not shown in the cross-sectional view of FIG.
34B, a variety of signals and a potential supplied to the sepa-
rately formed signal line driver circuit 4003, the scanning line
driver circuit 4004, and the pixel portion 4002 are supplied
from an FPC 4018 through lead wirings 4014 and 4015.

In this embodiment mode, a connection terminal 4016 is
formed using the same conductive film as that of the pixel
electrode 4017 included in the light-emitting element 4011.
Further, the lead wirings 4014 and 4015 are formed using the
same conductive film as that of the wiring 4020.

The connection terminal 4016 is electrically connected to a
terminal included in the FPC 4018 through an anisotropic
conductive film 4019.

The second substrate located in the direction in which light
is extracted from the light-emitting element 4011 needs to be
transparent. In this case, a light-transmitting material such as
a glass plate, a plastic plate, a polyester film, or an acrylic film
is used.

As the filler 4007, an ultraviolet curable resin or a thermo-
setting resin as well as inert gas such as nitrogen or argon can
be used. For example, polyvinyl chloride (PVC), acrylic,
polyimide, an epoxy resin, a silicone resin, polyvinyl butyral
(PVB), or ethylene vinyl acetate (EVA) can be used. In this
embodiment mode, nitrogen is used for the filler 4007.

If needed, an optical film such as a polarizing plate, a
circular polarizing plate (including an elliptical polarizing
plate), a retardation plate (a quarter-wave plate or a half-wave
plate), ora color filter may be provided on an emission surface
of the light-emitting element as appropriate. Further, the
polarizing plate or the circular polarizing plate may be pro-
vided with an antireflection film. For example, anti-glare
treatment for diffusing reflected light by unevenness of the
surface and reducing reflection can be performed.

FIGS. 34A and 34B illustrate an example in which the
signal line driver circuit 4003 is separately formed and
attached to the first substrate 4001; however, this embodiment
mode is not limited to this structure. A scanning line driver
circuit may be separately formed and attached to a substrate,
or only part of a signal line driver circuit or part of a scanning
line driver circuit may be separately formed and attached to a
substrate.

This embodiment mode can be implemented in combina-
tion with any of the structures described in other embodiment
modes.

(Embodiment Mode 10)

The display device obtained by the present invention, and
the like can be used for an active matrix display module. That
is, the present invention can be implemented in any of elec-
tronic devices having a display portion into which such a
display module is incorporated.

Examples of such electronic devices include a camera such
as avideo camera or a digital camera, ahead-mounted display
(a goggle-type display), a car navigation system, a projector,
a car stereo, a personal computer, and a portable information
terminal (e.g., a mobile computer, a cellular phone, and an
e-book reader). FIGS. 30A to 30D show examples of such
electronic devices.
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FIG. 30A shows a television device. The television device
can be completed by incorporating a display module into a
housing as shown in FIG. 30A. A display panel at the stage
after an FPC is attached is also referred to as a display module.
A main screen 2003 is formed using the display module, and
other accessories such as a speaker portion 2009 and an
operation switch are provided. Thus, the television device can
be completed.

As showninFIG. 30A, a display panel 2002 using a display
element is incorporated into a housing 2001. The television
device can receive general TV broadcast by a receiver 2005,
and can be connected to a wired or wireless communication
network via a modem 2004 so that one-way (from a sender to
a receiver) or two-way (between a sender and a receiver or
between receivers) information communication can be per-
formed. The television device can be operated by a switch
incorporated into the housing or a separate remote control
unit 2006. The remote control unit may include a display
portion 2007 for displaying information to be output.

Further, the television device may include a sub screen
2008 formed using a second display panel for displaying
channels, sound volume, and the like, in addition to the main
screen 2003. In this structure, the main screen 2003 may be
formed using a liquid crystal display panel with an excellent
viewing angle, and the sub screen may be formed using a
light-emitting display panel in which display is performed
with low power consumption. Alternatively, when reduction
in power consumption is prioritized, a structure may be
employed in which the main screen 2003 is formed using a
light-emitting display panel, the sub screen is formed using a
light-emitting display panel, and the sub screen can be turned
on and off.

FIG. 31 is a block diagram of a main structure of a televi-
sion device. A display panel is provided with a pixel portion
921. A signal line driver circuit 922 and a scanning line driver
circuit 923 may be mounted on the display panel by a COG
method.

As for other external circuits, the television device includes
a video signal amplifier circuit 925 which amplifies a video
signal among signals received by a tuner 924; a video signal
processing circuit 926 which converts a signal output from
the video signal amplifier circuit 925 into a color signal cor-
responding to each color of red, green, and blue; a control
circuit 927 which converts the video signal into an input
specification of a driver IC; and the like, on the input side of
the video signal. The control circuit 927 outputs signals to
each of the scanning line side and the signal line side. When
digital driving is performed, a structure may be employed in
which a signal dividing circuit 928 is provided on the signal
line side and an input digital signal is divided into m signals to
be supplied.

Among the signals received by the tuner 924, an audio
signal is transmitted to an audio signal amplifier circuit 929,
and an output thereof is supplied to a speaker 933 through an
audio signal processing circuit 930. A control circuit 931
receives control information on receiving station (receiving
frequency) and volume from an input portion 932 and trans-
mits a signal to the tuner 924 and the audio signal processing
circuit 930.

It is needless to say that the present invention is not limited
to a television device and can be applied to various uses, e.g.,
a monitor of a personal computer, a large display medium
such as an information display board at the train station, the
airport, or the like, or an advertisement display board on the
street, and the like.

FIG. 30B shows an example of a cellular phone 2301. The
cellular phone 2301 includes a display portion 2302, an
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operation portion 2303, and the like. When the display device
described in the above-described embodiment mode is used
for the display portion 2302, mass productivity can be
increased.

A portable computer shown in FIG. 30C includes a main
body 2401, a display portion 2402, and the like. When the
display device described in the above-described embodiment
mode is used for the display portion 2402, mass productivity
can be increased.

FIG. 30D shows a desk lamp including a lighting portion
2501, a shade 2502, an adjustable arm 2503, a support 2504,
abase 2505, and a power source switch 2506. The desk lamp
is formed using the light-emitting device, which is described
in Embodiment Mode 6, for the lighting portion 2501. Note
that a lamp includes a ceiling light, a wall light, and the like in
its category. By employing the display device described in
Embodiment Mode 6, mass productivity can be increased,
and an inexpensive desk lamp can be provided.

This application is based on Japanese Patent Application
Serial No. 2007-213057 filed with Japan Patent Office on
Aug. 17,2007, the entire contents of which are hereby incor-
porated by reference.

What is claimed is:

1. A method for manufacturing a semiconductor device,
comprising the steps of:

forming a gate electrode over a substrate having an insu-

lating surface;

forming an insulating film over the gate electrode;

forming a film on an inner wall of a vacuum chamber by

introducing a source gas to the vacuum chamber after
evacuating the vacuum chamber;

disposing the substrate into the vacuum chamber after

forming the film;

forming a microcrystalline semiconductor film over the

insulating film in the vacuum chamber after disposing
the substrate;

forming a buffer layer over the microcrystalline semicon-

ductor film;
forming a semiconductor film to which an impurity ele-
ment imparting one conductivity type is added;

etching the microcrystalline semiconductor film, the buffer
layer, and the semiconductor film to which the impurity
element imparting one conductivity type is added,
wherein the microcrystalline semiconductor film, the
buffer layer, and the semiconductor film to which the
impurity element imparting one conductivity type is
added are narrower than the gate electrode;

forming source and drain electrodes over the semiconduc-

tor film to which the impurity element imparting one
conductivity type is added;

etching and removing a part of the semiconductor film to

which the impurity element imparting one conductivity
type is added; and

etching and removing a part of the buffer layer which is not

covered with the source and drain electrodes,

wherein substrate temperature is increased continuously in

the step of forming the microcrystalline semiconductor
film,

wherein helium is introduced to the vacuum chamber in the

step of forming the microcrystalline semiconductor
film, and

wherein in the step of forming the microcrystalline semi-

conductor film, at least one deposition condition is
changed continuously such that a first region near an
interface with the buffer layer is formed at a deposition
rate that is higher than that for forming a second region
near an interface with the insulating film.
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2. The method for manufacturing a semiconductor device
according to claim 1,

wherein the buffer layer is an amorphous semiconductor

film, and

wherein the buffer layer is formed in a different vacuum

chamber from the vacuum chamber used for forming the
microcrystalline semiconductor film, under a deposition
condition with substrate temperatures of greater than or
equal to 300° C. and less than 400° C.

3. The method for manufacturing a semiconductor device
according to claim 1,

wherein, under another deposition condition of forming a

part of the microcrystalline semiconductor film near an
interface with the insulating film, a plurality of dis-
charge-stop-periods is provided in a deposition period of
one substrate by turning off high-frequency power.

4. The method for manufacturing a semiconductor device
according to claim 1,

wherein a source gas for forming the microcrystalline

semiconductor film includes a silane gas, a hydrogen
gas, and a trimethyl boron gas.

5. The method for manufacturing a semiconductor device
according to claim 1,

wherein the inner wall of the vacuum chamber in which the

microcrystalline semiconductor film is formed is heated
to a temperature that is higher than a substrate tempera-
ture when the microcrystalline semiconductor film is
formed.

6. The method for manufacturing a semiconductor device
according to claim 1, wherein the buffer layer is formed using
an amorphous semiconductor film containing halogen.

7. The method for manufacturing a semiconductor device
according to claim 1, wherein the vacuum chamber is evacu-
ated to have an atmosphere with a degree of vacuum of over
1x107® Pa and less than or equal to 1x107° Pa.

8. The method for manufacturing a semiconductor device
according to claim 1, wherein argon is introduced to the
vacuum chamber in the initial stage of forming the microc-
rystalline semiconductor film.

9. A method for manufacturing a semiconductor device,
comprising the steps of:

forming a gate electrode over a substrate having an insu-

lating surface;

forming an insulating film over the gate electrode;

forming a film on an inner wall of a vacuum chamber by

introducing a source gas to the vacuum chamber after
evacuating the vacuum chamber;

disposing the substrate in the vacuum chamber after form-

ing the film;
forming a first microcrystalline semiconductor film over
the insulating film by introducing a source gas including
a silane gas and a hydrogen gas to the vacuum chamber
under a first deposition condition in which substrate
temperature is set at greater than or equal to 100° C. and
less than 300° C. after disposing the substrate, so that an
oxygen concentration in the first microcrystalline semi-
conductor film is less than or equal to 1x10"” atoms/cm?>;

forming a second microcrystalline semiconductor film in
the vacuum chamber under a second deposition condi-
tion in which substrate temperature is set at higher than
that of the first deposition condition, and a flow rate ratio
of the silane gas to the hydrogen gas is higher than that
of the first deposition condition after forming the first
microcrystalline semiconductor film, so that a deposi-
tion rate of the second microcrystalline semiconductor
film is higher than that of the first microcrystalline semi-
conductor film;
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forming a buffer layer over the second microcrystalline
semiconductor film, so that an oxygen concentration in
the buffer layer is less than or equal to 5x10'° atoms/
cm’;
forming a semiconductor film to which an impurity ele-
ment imparting one conductivity type is added;
etching the first microcrystalline semiconductor film, the
second microcrystalline semiconductor film, the buffer
layer, and the semiconductor film to which the impurity
element imparting one conductivity type is added,
wherein the first microcrystalline semiconductor film,
the second microcrystalline semiconductor film, the
buffer layer, and the semiconductor film to which the
impurity element imparting one conductivity type is
added are narrower than the gate electrode;
forming source and drain electrodes over the semiconduc-
tor film to which the impurity element imparting one
conductivity type is added;
etching and removing a part of the semiconductor film to
which the impurity element imparting one conductivity
type is added;
etching and removing a part of the buffer layer which is not
covered with the source and drain electrodes; and
forming an insulating film over and in contact with the
etched part of the buffer layer, and the source and drain
electrodes,
wherein between the step of forming the first microcrys-
talline semiconductor film and the step of forming the
second microcrystalline semiconductor film, at least one
of substrate temperature and the flow rate ratio of the
silane gas to the hydrogen gas is changed continuously
and deposition continues.
10. The method for manufacturing a semiconductor device
according to claim 9,
wherein the buffer layer is an amorphous semiconductor
film, and
wherein the buffer layer is formed in a different vacuum
chamber from the vacuum chamber used for forming the
first and second microcrystalline semiconductor films,
under a deposition condition with substrate tempera-
tures of greater than or equal to 300° C. and less than
400° C.
11. The method for manufacturing a semiconductor device
according to claim 9,
wherein, before disposing the substrate in the vacuum
chamber, the vacuum chamber is evacuated to have an
atmosphere with a degree of vacuum of over 1x10~% Pa
and less than or equal to 1x107° Pa, and
wherein a hydrogen gas or a rare gas is introduced to
generate plasma after the evacuation.
12. The method for manufacturing a semiconductor device
according to claim 9,
wherein a hydrogen gas or a rare gas is introduced to
generate plasma after disposing the substrate in the
vacuum chamber.
13. The method for manufacturing a semiconductor device
according to claim 9,
wherein, under the second deposition condition, a plurality
of discharge-stop-periods is provided in a deposition
period of one substrate by turning off high-frequency
power.
14. The method for manufacturing a semiconductor device
according to claim 9,
wherein the source gas for forming the first and second
microcrystalline semiconductor films further includes a
trimethyl boron gas.
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15. The method for manufacturing a semiconductor device
according to claim 2,

wherein the inner wall of the vacuum chamber in which the

first and second microcrystalline semiconductor films
are formed is heated to a temperature that is higher than
the substrate temperature when the first and the second
microcrystalline semiconductor films are formed.

16. The method for manufacturing a semiconductor device
according to claim 9, wherein the buffer layer is formed using
an amorphous semiconductor film containing halogen.

17. The method for manufacturing a semiconductor device
according to claim 9, wherein the vacuum chamber is evacu-
ated to have an atmosphere with a degree of vacuum of over
1x107® Pa and less than or equal to 1x107® Pa.

18. The method for manufacturing a semiconductor device
according to claim 9, wherein, between the step of forming
the first microcrystalline semiconductor film and the step of
forming a second microcrystalline semiconductor film, sub-
strate temperature is increased continuously and deposition
continues.
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